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SUMMARY
A study has been made of the influence of several environ­
mental factors on seed germination and seedling growth of E. 
camaldulensis from a number of regions throughout its extensive 
range.
Seedlots from six provenances of E. camaldulensis were 
used to determine the effects of a range of temperature regimes on 
the germination behaviour of the species. There was no germination 
at the lowest temperature regime (15/1G°C.) in any of the provenances 
at day 6 of seed germination. At the same period of seed 
germination, there was a marked north-south division at the 
temperature regime of 18/13°C. - the seeds of the southern 
provenances germinated rapidly but little or no germination was 
recorded for the seeds of the northern provenances. For all the 
provenances the optimum temperature for maximum seed germination 
was between 30/25° and 33/28°C.
Some effects of light conditions on seed germination were 
examined in relation to provenances. There appears to be no 
distinct difference between provenances in light requirement for 
seed germination, but seeds may be positively photoblastic to 
red light region of the visible light spectrum.
provenances
Progenies of E. camaldulensis from several were
grown under a range of environmental conditions - three temperature 
and three photoperiod regimes. Temperature had significant effects 
on growth of E. camaldulensis, and the optimum temperature for many
(vii)
of the seedling growth characteristics and dry weight productions 
was the medium temperature (27/22°C.). In these studies there 
were marked differences in seedling characteristics between 
provenances, suggesting a positive natural selection in northern 
regions of individuals with adaptation to harsher environmental 
conditions. There were some differences between provenances in 
their reaction to variation in photoperiod. The provenances 
differed in seedling height growth at 12- and 14-hour photoperiod, 
for example, at these photoperiods Todd River provenance had the 
greater height growth and Katherine provenance the least. However, 
it was demonstrated that in the case of Todd River provenance, 
seedlings responded in height, but not in dry matter production.
The effect of frost treatment on the provenances of the 
species was examined under a range of controlled conditions. Frost 
resistance in the species varies according to seed origin. For 
unhardened seedlings, the northern provenances were more frost 
resistant than the seedlings from the southern provenances. When 
seedlings were prehardened before frost treatment, there was a 
reversal of the results for unhardened plants, that is, the southern 
provenance seedlings were more resistant to frost than the seedlings 
of northern origin.
A study was made of the effect of provenances on early 
root development and results were compared with those obtained for 
2 coastal eucalypts - E. saligna and E. pilularis. There were no 
marked differences between provenances of E. camaldulensis in their
root production, but marked differences exist between E. camaldulensis
(viii)
and the 2 coastal eucalypts in this respect. All the provenances 
of E. camaldulensis are capable of developing roots very rapidly 
to explore any drying soil, thereby h.elping ensure survival in 
harsh environmental conditions.
(ix)
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1CHAPTER 1 
LITERATURE REVIEW
THE STUDY OF VARIATION AND IMPROVEMENT IN FOREST TREES
F o re s te rs  have re c o g n is e d  in h e r e n t  d i f f e r e n c e s  between 
in d iv id u a ls  w i t h in  f o r e s t  t r e e  s p e c ie s  as f a r  back as th e  16 th  c e n tu r y .  
Many te c h n iq u e s  have been used to  d e te c t  th e s e  d i f f e r e n c e s  and to  
d e s c r ib e  th e m . V a r ia t io n  in  t r e e  s p e c ie s  have been s tu d ie d  in  
ta x o n o m ic , g e n e t ic ,  and more r e c e n t ly  in  g e n e c o lo g ic a l te rm s . 
G e n e c o lo g ic a l s tu d ie s  in v o lv e  c o r r e la t io n  between m e t r ic  c h a r a c t e r i s t i c s  
o f  th e  p la n ts  and t h e i r  h a b i t a t s .  These can be c a r r ie d  o u t in  f i e l d  
e x p e r im e n ts  to  e s ta b l is h  th e  g e n e t ic  bases o f  v a r ia t i o n ,  and in  
b re e d in g  e x p e r im e n ts  u n d e r c o n t r o l le d  o r  n a tu r a l  c o n d i t io n s .  P la n t in g  
e x p e r im e n ts  have a ls o  been used to  e x p la in  e n v iro n m e n ta l s e le c t io n  and 
e c o ty p ic  d i f f e r e n t i a t i o n  in  p la n t s .  P h y s io lo g ic a l  and m o rp h o lo g ic a l 
c h a r a c t e r i s t i c s  o f  p la n ts  m easured e i t h e r  in  th e  n a tu r a l  h a b i t a t  
o r  in  th e  c o n t r o l le d  e n v iro n m e n t a p p e a r to  be th e  e s s e n t ia l  t o o ls  o f  
g e n e c o lo g is ts  in  s tu d y in g  v a r ia t io n s  and e v o lu t io n  in  f o r e s t  t r e e  
s p e c ie s .
1.1 Taxonom ic A pproach
Taxonom ic in v e s t ig a t io n s  were th e  e a r l i e s t  a p p lie d  to  th e  
s tu d y  o f  v a r ia t io n  in  f o r e s t  t r e e  s p e c ie s .  These were b o th  in e x p e n s iv e  
and r a p id .  A c o m p le te  s tu d y  may in v o lv e  th e  use o f  h e rb a r iu m  m a te r ia l  
and c o l le c t io n s  made in  l o c a l  w i ld  p o p u la t io n s . D if fe re n c e s  in
2floral parts, buds, cones or seed capsules, leaves and tree barks 
are taken as indications of variation in the local population, but 
this does not permit separation of the environmental from the genetic 
effects. A number of examples of taxonomic study of variation follow. 
Forde (1964) made a thorough taxonomic investigation of Pinus radiata 
in its natural populations. She scored a number of morphological 
characters such as branches, cones, and needles collected from the 
wild tree population in California. She found that the species 
consists of three disjunct populations, and within the populations 
some variation was apparent.
Using the same type of approach, Daubenmire (1968) studied 
some geographic variations in Picea sitchensis and discussed their 
ecologic interpretations. His studies were concentrated in Northern 
California where he collected ovuliferous cones, twigs and needles 
of the wild trees and hybrids of the species to examine the morphological 
characteristics. Variability in the species was found to result from 
unrestricted gene flow in the population.
Another typical example of taxonomic approach to genecological 
investigation is that of Critchfield (1957). Specimens of Pinus 
contorta were collected from wild and cultivated populations of the 
species and a study made of the way morphological characteristics 
vary with habitat. Analysis of numerous quantitative characters 
resulted in the division of the species into four taxonomic subspecies 
exhibiting geographic unity and heritable differences.
The taxonomic approach is a useful guide to variation in 
a forest tree species but in the past has sometimes been of limited
3value because within-population variation has been based on limited 
field material. More recent studies however, include much more 
comprehensive collections and locality descriptions, permitting cor­
relations to be made between the taxonomic characters and habitat.
1.2 Environmental and Genetic Variation
Two major categories of variation form the basis for all 
studies on variation and evolution in plants. The first kind of 
variation may be referred to as ENVIRONMENTAL VARIATION. Two plants 
having identical gene-makeup, will not necessarily receive exactly 
the same amounts of light, water, and nutrients - even where grown 
side by side in a field situation. Thus, when these two individuals 
develop some different morphological characteristics, we have environ­
mental variation. The second type of variation in forest tree 
species occurs where there are differences in the genetic makeup of 
individuals. This may be caused by changes in the structure of 
genes, by mutation, and by recombination of genes associated with 
sexual reproduction. Sinnott, Dunn and Dobzhansky (1950) describe 
such variation as HEREDITARY OR GENOTYPIC VARIATION. According to 
Daubennuire (196?) genotypic variation within a species results from 
the cumulative effect of a long series of minute changes in the 
organism over a period of time. In nature, variation recorded in a 
species may be partly environmental and partly genetic in origin. 
Adaptive selection. In any one environmental situation those plants 
survive that are in rhythm with diurnal and seasonal periodicities 
of the habitat, that can tolerate the moisture and wind conditions,
4that can utilise the soil there, and that can compete with other 
plants and animals. The environment constantly eliminates unfit 
variants and in this manner acts as a sifting screen but the sifting 
of the various environments differs, and ecologically different races or 
"ecotypes” result. Turesson (1922a) first used the term ecotype and 
defined it as "the product arising as a result of the genotypical 
response of an ecospecies or species to a particular habitat".
Ecotypic variation refers to differences in morphological and physio­
logical characteristics or organisms which developed as adaptive 
features of the organisms to a particular environment.
This type of variation is recognised by the observation of 
habitat-correlated variation in morphological features. Many wide- 
ranging species are considered to possess a considerable amount of 
ecotypic variation. Where habitats differ in a number of ways, 
adaptation in several features will be essential for the survival of 
the organisms. Heslop-Harrison (1964) thought that, higher plants 
would need to adjust their "developmental cycle" for adaptation to a 
range of climatic changes. If a species is to survive adverse 
conditions a special mechanism for protection needs to be developed 
so that the species can make normal evolutionary progress only under 
suitable conditions.
Transplant experiments may be used to test this type of 
variation. Individuals or the offspring of many individuals from a 
range of ecological conditions are raised under controlled conditions, 
and differences between individuals which are observed when grown in 
similar environments are ascribed to differences in genotype.
5Many attempts have been made by genecologists to demonstrate 
ecotypic variation in forest tree species. For example, Squillace 
and Silen (1962) established that the growth rate of ponderosa pine 
fPinus ponderosa) from different habitats was strongly correlated with 
moisture distribution in the habitats. Ecotypic variation may also 
result where a species is subjected to variations in habitat temperature 
and daylength. Since seasonal variations in temperature and daylength 
serve as clocks in the plant habitat, thermal and photo-periodic 
responses become selective, and adaptation to the conditions can be 
achieved by the modification of thermo-photoperiodic reactions (Heslop- 
Harrison 1964).
Photoperiodic adaptation has been demonstrated in forest 
tree species which are distributed over a wide latitudinal range. 
Vaartaja (1954, 1959) found variation in the responses of northern 
and southern races in several tree species tested for growth rate and 
onset of dormancy under various photoperiods. Using controlled 
photoperiods in cabinets, he examined the growth rate of seedlings of 
many forest tree species grown from seeds derived from wild or natural 
populations. Due to the effect of long days, apical growth continued 
in northern races consisting of Pinus sylvestris, Larix lacicina 
and Picea abies, while some southern races required short photoperiod 
for apical growth.
Huxley (1938) used the term character gradient or cline to 
describe variation where a character gradient can be correlated with 
an ecological gradient. Most species that span a range of latitudinal 
and altitudinal climatic areas will possess dines for the physiological
6and morphological characteristics adapting them to the ecological 
conditions present in different parts of their range.
There have been many investigations of clinal variation 
in forest tree species. For example, Langlet (1959), and Wright 
and Baldwin (1957) have shown intraspecific ecoclinal variation in 
soots pine fPinus sylvestris). Ecoclines are dines related to 
ecological gradients within a restricted area. Clinal variation 
in scots pine, which spans over 25° of latitude, involved several 
morphological and physiological features such as leaf length, 
hardiness, dormancy period and shoot extension rate. Both continuous 
(clinal) and discontinuous (ecotypic) variations were found in 
the species. In the 1938 international test involving fifty-two 
provenances, some northern provenances occupied latitudinal belts 
and had a clinal relationship to each other, while the southern 
provenances had no particular latitudinal or climatic limits.
Barber (1955), and Barber and Jackson (1957) have established 
the presence of clinal variation in several species of Eucalyptus in 
Tasmania. In field observations along a transect passing from 
altitudes of 2500 feet to 4ÜDÜ feet in north central Tasmania, 
parallel dines were demonstrated in E. gigantea, E. gunnii and E. 
coccifera. For example, the authors suggest that changes in
glaucousness of the leaves and stems represented changes in the gene 
complement controlling wax development; along the altitudinal transect
there is a temperature gradient - there is a selective advantage in
waxy surfaces and as the temperature decreases towards the high altitude,
there is an increase in glaucousness.
7In the like manner, Eldridge (1969) investigated clinal 
variation in E. regnans in Victoria (Australia). He used transplant 
experiments to examine the physiological characters of the seedlings 
raised from seeds of wild species collected along an altitudinal 
transect on Mount Erica, Victoria. He supplemented his field work 
with observations of the seedlings under controlled environments. 
Clinal variation was found between and within populations along the 
transect.
Similarly, Pryor (1956c) and Geen (1968) found that snow 
gum (E. pauciflora) populations vary clinally in several directions 
indicating correlation with habitat variations.
Use of planting experiments to investigate adaptive responses. 
Planting experiments can be used to investigate adaptive responses 
of species to a range of diverse environmental conditions. Turesson 
(1922b), Gregor (1938a 1939) have shown by careful transplant
experiments that species from different habitats retain their dif­
ferences when planted in different conditions, and hence can be 
concluded as being genetically different. The species retained 
their genetical identity even when they were grown side by side in 
constant-environment gardens.
A refinement of the transplant techniques was developed 
with great success by Clausen, Keck, and Hiesey (1940) and Turrill 
(1940). These authors divided a single large perennial plant into 
several parts and grew the clonal divisions under different environ­
mental conditions, thus retaining identical genetic complexity of 
the individual ramets. By this method important physiological 
differences in plants were discovered. Some genotypes have a
8constitution which can be modified by the environment, and this in 
turn makes analysis of the results of transplant experiment hard to 
explain, but many species have a rigid genetical constitution that 
can be affected by environmental factors.
In Australia, Pryor (1956) and Green (1968) have used out- 
plantings to study clinal variation in snow gum (E. pauciflora). 
Seedlings raised from open pollinated seeds of the natural population 
at different elevations were transplanted. From the data obtained, 
it was evident that seedlings from high altitude were more resistant 
to frost than those from low altitude. The survival rate in winter 
was also higher in high altitude plants than in low altitude plants. 
Similarly, Pryor and Byrne (1969) used transplant techniques to study 
broad variation patterns and taxonomy of E. camaldulensis. They found 
both longitudinal and latitudinal variation within the species, and 
recognised two distinct ecotypes of northern and southern origin, 
based on variation on genetic properties such as glaucousness of 
leaves, and presence or absence of lignotubers. Their findings 
confirmed the results obtained by Karschon (1967) who grouped the 
species into two broad types, based on physiological characters of 
transplants. Burley, Wood and Hans (1971) used trees from 25 
provenances of E. camaldulensis planted in 1967 at Chati Forest Reserve 
on the Zambian copper belt to investigate variation in physiological 
characters of the leaves. They found that provenances differed 
significantly in leaf length and width, base angle and oil gland 
density. Their results are in line with what other scientists have
discovered about the same species.
9Working on geographic variation in survival, growth and 
fusiform-rust infection of planted Loblolly pine, Wells and Wakely 
(1966) used the seedling outplanting technique and found that 
seedling survival, height growth and rust infection are genetically 
controlled within this species.
Very little attention has been given to provenance studies 
of tropical forest tree species. A few economic species such as 
teak (Tectona grandis], Acacia species and some tropical pines have 
received some attention over recent years. For example, in his 
studies on teak fTectona grandis] in Thailand, Hedegart (1971) set 
up trial plots of teak at Huey Tak Teak plantation and Kiu Tup Yang 
plantation using seedlings from 63 natural populations. Seed size 
and weight varied considerably between the populations, as did the 
survival and height growth.
Biochemical studies. In recent years, the usefulness of biochemical 
criteria in evolutionary and systematic studies has been demonstrated. 
The chemical characters of forest tree species are examined and 
analysed to aid taxonomic classification and to explain the type of 
variation in plant kingdom.
Using paper chromatograms of needle extract substances,
La Roi and Dugle (1967) carried out systematic and genecological 
studies of two closely related spruce - Picea glauca and Picea 
engelmannii. Collections were made of branches, needles and cones 
of the species. Sampling was done in the wild populations throughout 
the range of the species. Arboretum, nursery and plantation speci­
mens were also collected to supplement the studies on natural
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population. Flavonoid and phenolic compounds from the various 
specimens were examined chromatographically, and morphological indices 
for a number of characteristics were also scored. The data were 
analysed to find out whether variation within the species could be 
correlated with habitat. The species exhibited distinct variation 
in their chemical composition, and the data were also found useful 
in distinguishing the species.
In the same manner, Banks and Hillis (1968) used a bio­
chemical approach to demonstrate a northern and a southern ecotype 
in Eucalyptus camaldulensis. Chemical extracts from leaf and seed 
specimens of natural population of the species were chromatographically 
examined. These authors found they could divide the species into 
two distinctive groups based on the chemical data, and these groups 
were similar to those previously identified using morphological and 
physiological characteristics (Karschon 1967, Pryor and Byrne 1967).
The influence of environmental factors and the significance 
of physiological plasticity in the chemical characters can not be 
evaluated unless further studies are carried out in controlled 
environment and probably in provenance studies.
1.3 Genetic Studies on Forest Trees
Genecological investigation of forest tree species need not 
be limited to the detection and description of variation in forest 
trees and the way variation correlates with environmental factors.
It may also involve the study of those aspects of tree genetics which 
can have a direct bearing on tree breeding. Methods and techniques
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f o r  th e  s tu d y  o f  th e  g e n e t ic s  based on t h e o r e t i c a l  p r in c ip le s ,  have 
been d e v e lo p e d  to  h e lp  im p ro ve  th e  g e n e t ic  c o n s t i t u t io n  o f  t r e e s  f o r  
m an*s b e n e f i t .  These s tu d ie s  have c o n c e n tra te d  on th e  s tu d y  o f  
a d a p t iv e  p r o p e r t ie s  o f  p la n t s ,  h e r i t a b i l i t y  e s t im a te s ,  c o m b in a t io n  
o f  g e n e t ic  c h a r a c t e r i s t i c s  th ro u g h  h y b r id iz a t io n ,  and t r e e  b re e d in g  
te c h n iq u e s  g e n e r a l ly .
(a )  A d a p t iv e  p r o p e r t ie s  o f  f o r e s t  t r e e s
A d a p t iv e  c h a ra c te rs  in  p la n ts  a re  in h e r e n t  c h a ra c te rs  w h ich  
can n o t  be a f f e c te d  by e n v iro n m e n t, b u t  a re  g e n e t ic a l l y  c o n t r o l le d .
F o r exam p le , Rudman and h is  a s s o c ia te s  have used X - ra y  d e n s ito m e t ic  
te c h n iq u e s  to  s tu d y  th e  wood d e n s i t y  and th e  a d a p t iv e  c h a r a c t e r i s t i c s  
o f  th re e  e u c a ly p t  s p e c ie s .  The f i b r e  le n g th  o f  th e  th re e  s p e c ie s  
was a ls o  exam ined by m e a su rin g  d e l i g n i f i e d  f i b r e s  u s in g  a p r o je c t io n  
m ic ro s c o p y . They fo u n d  b o th  wood d e n s i t y  and f i b r e  le n g th  to  be 
u n d e r s t r o n g  g e n e t ic  c o n t r o l .  T h e re fo re  i t  w ou ld  be p o s s ib le  to  
s e le c t  f o r  wood d e n s i t y  and f i b r e  le n g th  to  d e v e lo p  g e n e t ic a l l y  
u n ifo rm  s to c k  f o r  d i f f e r e n t  p ro d u c ts .  H ig g s  (1 9 6 9 ) in v e s t ig a te d  in  
more d e t a i l  th e  f a c t o r s  a f f e c t in g  th e  wood d e n s i t y  and f i b r e  le n g th  
o f  E . re g n a n s  by e x a m in in g  th e  wood p r o p e r t ie s  o f  s e e d lin g s  grown 
u n d e r c o n t r o l le d  e n v iro n m e n t.  He supp lem en ted  t h i s  w ork by e x a m in in g  
th e  p r o p e r t ie s  o f  wood fro m  t r e e s  g ro w in g  in  w i ld  p o p u la t io n s  o f  th e  
s p e c ie s .  He d is c o v e re d  t h a t  te m p e ra tu re  a f f e c t s  b o th  f i b r e  le n g th  
and wood d e n s i t y  o f  s e e d lin g s  g ro w in g  u n d e r a ra n g e  o f  te m p e ra tu re s .  
F ib r e  le n g th  was g r e a te r  a t  h ig h e r  te m p e ra tu re s  in  th e  ra n g e  1 5 /1 0 °  
to  2 4 / l9 ° C .  ( d a y /n ig h t )  te m p e ra tu re s ,  b u t was s m a l le r  a t  2 7 /2 2 °C . th a n  
th a t  a t  2 4 / l9 ° C .  The v a r ia t i o n  in  a ve ra g e  wood d e n s i t y  a t  d i f f e r e n t
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temperatures differed from those for fibre length. Wood density 
tends to be smaller at higher temperatures. For adult plant in 
natural population, Higgs found that fibre length was greater at 
greater distance from the pith at all height levels of the tree.
(b) Heritability estimates
Heritability is the measure of strength of inheritance or 
transmissibility of a trait which might be selected for, or gained, 
in tree breeding. Heritability values can be estimated from informa­
tion derived from a well-designed and replicated experiment which 
can indicate the variance of a particular characteristic, both between 
and within families of offspring.
Two types of heritability commonly referred to
are "narrow-sense" and "broad-sense" 
heritability. Broad-sense heritability of a trait can be measured 
by growing vegetatively reproduced clones in a uniform environment, 
and measuring the variation in that trait. In vegetative propa­
gation of plants there is no change of gene constitution, and plants 
derived in this way are expected to have the same properties as their 
parents.
In any study of narrow-sense heritability, sexual repro­
duction is needed, and this involves the use of seedling stock derived 
from 'open* or controlled pollination experiments. The heritability 
values derived from the seedlings raised from seeds are expression 
of the genes transmitted during genetic recombination at meiosis.
After sexual reproduction, narrow-sense heritability have been 
estimated for height, stem diameter, wood densities, and fibre length
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in  f o r e s t  t r e e s ,  and g e n e t ic  c o n t r o l  o f  t h e i r  p r o p e r t ie s  has been 
d e m o n s tra te d . H ig g s  (1 9 6 9 ) c o n s id e re d  t h a t  th e  e s t im a te s  o f  n a r ro w -  
sense  h e r i t a b i l i t y  in  E . regnans  a re  la r g e  enough to  j u s t i f y  th e  
im p le m e n ta t io n  o f  t r e e  im p rovem en t programmes f o r  u s e fu l  g e n e t ic  
g a in s .
( c )  H y b r id iz a t io n
A c c o rd in g  to  W r ig h t (1 9 6 2 ) h y b r id iz a t io n  in  f o r e s t  t r e e  
s p e c ie s  i s  th e  c ro s s in g  o f  d i s t i n c t  s p e c ie s ,  ra c e s  o r  p o r t io n s  o f  
d i n e s  f o r  t r e e  im p rovem en t p u rp o s e s . The m ain g o a l o f  t r e e  b re e d e rs  
i s  th e  c o m b in a t io n  o f  d e s ir a b le  c h a ra c te rs  fro m  two o r  more p a re n t  
t r e e s .  W r ig h t  has p roposed  a p ro c e d u re  f o r  a h y b r id iz a t io n  
program m e: ( i )  The s p e c ie s  ' c r o s s a b i l i t y 1 s h o u ld  be d e te rm in e d ,
fo l lo w e d  by r e p e t i t i o n  o f  s u c c e s s fu l c ro s s e s  u s in g  s e v e ra l p ro ve n a n ce s  
o f  th e  p a re n t  s p e c ie s  in v o lv e d ,  ( i i )  n u rs e ry  and f i e l d  t e s t in g  s h o u ld  
be c a r r ie d  o u t  to  d e te rm in e  th e  h y b r id  v ig o u r ,  and ( i i i )  any 
p ro m is in g  h y b r id  o f  d e s ire d  s p e c ie s  s h o u ld  be mass p ro d u c e d .
Many in v e s t ig a t io n s  on h y b r id iz a t io n  have been c a r r ie d  o u t  
in  b o th  s o f t  wood and h a rd  wood s p e c ie s .  One o f  th e  f i r s t  re c o rd e d  
in s ta n c e s  o f  h y b r id iz a t io n  was th e  c ro s s  between L a r ix  le p t o le p s is  
and L .  eu ropae a  (Japanese  and European la r c h e s )  to  p ro d u ce  th e  h y b r id  
known as L a r ix  e u r o le p is . The h y b r id  was o f  v ig o ro u s  g ro w th ,  b u t  i t  
was m a in ly  i t s  c a p a c ity  f o r  r e s is ta n c e  to  th e  dange ro us  " la r c h  c a n k e r"  
w h ich  gave  i t  p o p u la r i t y .  O th e r  exam ples o f  im p o rta n c e  in  p la n ta t io n  
f o r e s t r y  in  A u s t r a l ia  r e la t e  to  h y b r id s  between P in u s  r a d ia t a  and 
P in u s  a t t e n u a ta , and between P in u s  e l l i o t t i i  and P in u s  c a r ib a e a . 
H y b r id s  o f  P in u s  r a d ia t a  and P in u s  a t te n u a ta  o c c u r  n a t u r a l l y  in
♦.
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S an ta  C ruz c o u n ty ,  C a l i f o r n ia  and th e y  have been p roduced  a r t i f i c a l l y  
in  C a l i f o r n ia .  These h y b r id s  a re  fo u n d  to  be in te r m e d ia te  between 
th e  p a re n ts  in  g ro w th  r a t e ,  c o ld  r e s is ta n c e ,  s tem fo rm  and f lo w e r in g  
t im e .  The h y b r id s  may n o t  possess  any a d va n ta g e  o v e r  th e  f a s t  g ro w in g , 
h ig h - q u a l i t y  P in u s  r a d ia t a  in  warm a re a s  o f  A u s t r a l ia ,  b u t  th e y  c e r ­
t a i n l y  o f f e r  a means o f  in t r o d u c in g  v a lu a b le  r a d ia t a  p in e  genes in t o  
c o o l a re a s .
In  Q u e e n s la n d , S le e  (1 9 6 8 ) fo u n d  t h a t  th e  h y b r id  between 
P in u s  e l l i o t t i i  v a r .  e l l i o t t i i  and P in u s  c a r ib a e a  v a r .  h o n d u re n s is  
has a s e a s o n a l g ro w th  p a t te r n  in te r m e d ia te  between t h a t  o f  th e  p a re n ts ,  
and an a d a p ta t io n  to  th e  s o i l  c o n d i t io n s  o f  th e  c o a s ta l  lo w la n d s  
o f  Q ueens la nd , t h a t  i s  more l i k e  t h a t  o f  th e  P in u s  e l l i o t t i i  p a r e n t .
( d ) T ree  b re e d in g
Many g e n e c o lo g ic a l s tu d ie s  have been a b a s ic  p a r t  o f  t r e e  
b re e d in g  p rogram m es. The m ain o b je c t iv e  o f  t r e e  b re e d e rs  i s  to  
d e v e lo p  s ta n d s  o f  in d iv id u a ls  w i th  th e  more d e s i r a b le  in h e r i t e d  
c h a r a c te r s .  T h is  may be a c h ie v e d  by in c r e a s in g  th e  p la n t  g ro w th  r a t e ,  
p ro d u c in g  h ig h e r  q u a l i t y  wood, and in d u c in g  r e s is ta n c e  to  b i o t i c  
and n o n - b io t ic  f a c t o r s .
Many o f  th e  m ethods used in  t r e e  b re e d in g  a re  based on 
s e le c t io n  o f  th e  b e s t p o p u la t io n s  o r  in d iv id u a ls  w i t h in  p o p u la t io n ,  
e s t im a t in g  o f  th e  h e r i t a b i l i t y  o f  d e s i r a b le  c h a ra c te rs  and th e  
p ro p a g a tio n  in  seed o rc h a rd  o f  th o s e  in d iv id u a ls  w ith  d e s ir a b le  
c h a ra c te rs  w h ich  a re  u n d e r a la r g e  d e g re e  o f  g e n e t ic  c o n t r o l .
M ethods o f  t r e e  b re e d in g  have been c la s s i f i e d  in t o  th re e  
m a jo r  c a te g o r ie s  by V id a k o v ic  (1 9 6 9 ) .  These c a te g o r ie s  in c lu d e  -
(a )  B re e d in g  by s e le c t io n ,
(b )  B re e d in g  by h y b r id iz a t io n ,  and
(c )  B re e d in g  by m u ta t io n  and p o ly p lo id y .
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The description and applicability of each method have received 
attention by Duffield (1962), Wright (1962), Vidakovic (1969) and 
many other forest geneticists.
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CHAPTER 2
INTRODUCTION TO STUDY OF EUCALYPTUS CAMALDULENSIS 
2 .1  P urpose  o f  S tudy
P rovenance  d i f f e r e n c e s  can be e xp e c te d  to  o c c u r  in  E . 
c a m a ld u le n s is  because o f  i t s  w id e sp re a d  d i s t r i b u t i o n  c o v e r in g  a w id e  
ra n g e  o f  e n v iro n m e n ts . P rovenance in  t h i s  s tu d y  w i l l  r e f e r  to  
seed o f  known o r i g i n ,  and o r ig in  th e  l o c a l i t y  o f  c o l l e c t i o n .  The 
d i s t r i b u t i o n  p a t te r n  o f  E . c a m a ld u le n s is  p ro v id e s  a lo g i c a l  b a s is  
f o r  a d iv i s io n  o f  th e  s p e c ie s  a c c o rd in g  to  m a jo r  r i v e r  sys te m s  in  
A u s t r a l ia  (L a rse n  1 9 6 7 ), and a lm o s t l i m i t l e s s  f u r t h e r  s u b - d iv is io n  
i s  a ls o  p o s s ib le  in t o  is o la t e d  p o p u la t io n s  in  th e  t r i b u t a r i e s  o f  th e  
m a jo r  r i v e r s .  On a c c o u n t o f  th e  w ide  o c c u rre n c e  o f  E . cam a l­
d u le n s is  th e  v a r ie t i e s  l i s t e d  by B la k e ly  (1965 3 rd  E d .)  a re  now 
re g a rd e d  as a d p ta t io n s  to  p a r t i c u la r  h a b i t a t s  and a re  in c lu d e d  w ith  
th e  s p e c ie s  (J o h n s to n , M a r r y a t t  1 9 6 5 ).
P rovenance  d i f f e r e n c e s  can be e x h ib i te d  in  many w a ys . 
P h y s ic a l and p h y s io lo g ic a l  d i f f e r e n c e s  o f  p o s s ib le  e c o lo g ic a l  
im p o r ta n c e  have been shown to  o c c u r  in  E u c a ly p tu s , f o r  exam p le , 
o c c u rre n c e  o f  l ig n o tu b e r s  (K a rschon  1 9 7 1 ), s u s c e p t i b i l i t y  to  f r o s t  
(P a to n  1 9 7 2 ), and g la u c o u s n e s s  o f  th e  le a v e s  (B a rb e r  1 9 5 5 ). Such 
r e a c t io n s  to  changed e n v iro n m e n ta l f a c to r s  may be v e ry  p ronoun ced  and 
in  some in s ta n c e s  so p ronounced  as to  re n d e r  a p rove n a n ce  u n s u ite d  
to  a p a r t i c u la r  e n v iro n m e n t. O n ly  r e c e n t ly  has w ork  on th e  
e u c a ly p ts  begun to  docum ent p rovenan ce  d i f f e r e n c e s  b u t th e  im p o rta n c e
if these differences has long been recognised for many European 
ipecies and provision made for these differences in forest practice 
Langlet 1959, 1963).
The importance of understanding provenance variation in 
orest trees and in particular in E. camaldulensis can not be under 
estimated. The information provided by the studies on provenance 
issists the effective choice of provenance for the establishment of 
he species in plantations. A knowledge of the pattern of variation 
ind adaptability of the species to certain environmental conditions 
lay eventually help in directing a tree breeding programme for a 
larticular locality.
The objective of this study, therefore, is to explore 
several of the ways in which provenance difference can be exhibited 
.n E. camaldulensis under a range of controlled environmental 
conditions.
-*2 Distribution of E. camaldulensis, Pehn
Eucalyptus camaldulensis, Dehn, (Syn. E. rostrata, 
3chlechtend) is commonly known as river red gum„ It is a medium to 
loderately tall tree, usually with a large diameter. In open forest 
■ormation, the bole is short and thick with a large crown. E. 
:analdulensis is the most widely distributed of all eucalypts in 
\ustralia. It is found throughout mainland Australia with the 
exception of the southern parts of Western Australia, the coastal 
■ringes of Victoria, New South Wales and eastern Queensland (Figure 
2.1). It is completely absent from Tasmania.
18
E. camaldulensis occurs along or near almost all the seasonal 
water courses in the arid and semi-arid areas of Australia and is 
found along many other streams and rivers in the south-east of the 
Great Divide (Hall, Johnston and Chippendale 1970). The principal 
location is along the Murray River and its tributaries and the lowlands 
of south-west Victoria (Hall, Johnston and Marryatt 1963). For the 
most part it forms open savannah woodlands and is limited to a 
narrow strip along the rivers which are regularly inundated by flood 
waters. The broader the river flood plain, the wider is the zone 
occupied by E. camaldulensis forest. Although mainly a tree of 
riverain and plain locations E. camaldulensis sometimes extends 
beyond this habitat. It can occur at quite high elevations as for 
example in the Mount Lofty and Flinders Ranges of South Australia 
and in the sub-tropics where the species extends to 6G0m at Alice 
Springs, Northern Territory. The altitude where satisfactory 
growth takes place is usually between 30 and 23Gm (Hall, Johnston 
and Marryatt 1963).
Latitudinally the principal occurrence is from 33° to 
36.5°S but the range is very much wider, from 15.5° to 38°S.
E. camaldulensis grows under a wide range of climatic 
conditions, from tropical to temperate, but mainly in areas of low 
rainfall and high summer temperatures (Tables 2.1 and 2.2). The annual 
rainfall throughout its range of occurrence is mainly 200 to 600 mm, 
but limited areas receive up to 1000 mm. In areas of 200 to 350 mm 
rainfall the species relies on seasonal flooding or the presence 
of a high water table for establishment and survival. E. camaldulensis
is resistant to drought as well as to winter frost.
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A lth o u g h  E . c a m a ld u le n s is  t h r i v e s  u n d e r s e a s o n a l in u n d a t io n ,  
i t  ca n n o t t o le r a t e  su b m e rs io n  f o r  a lo n g  t im e ,  e s p e c ia l ly  d u r in g  
th e  summer when th e  s o i l  te m p e ra tu re  o f  th e  f lo o d e d  a re a s  i s  to o  
h ig h  f o r  th e  s u r v iv a l  o f  th e  s p e c ie s .  The h ig h e s t  q u a l i t y  o f
E . c a m a ld u le n s is  p u re  f o r e s t  i s  g e n e r a l ly  fo u n d  on th e  lo w e r  g round  
s u b je c t  to  r e g u la r  f lo o d in g  e x c e p t in  th e  case  o f  pe rm anen t o r  q u a s i­
perm anen t swamps w h ich  a re  o n ly  p o p u la te d  by re e d s  and swamp g ra s s e s  
(Ja co b s  1 9 5 5 ). W ith  r i s i n g  le v e l  and d e c re a se d  f re q u e n c y  o f  f lo o d in g ,  
th e  q u a l i t y  o f  E . c a m a ld u le n s is  f o r e s t  te n d s  to  d e c re a s e . A t le v e ls  
where f lo o d in g  i s  v e ry  in f r e q u e n t ,  E . c a m a ld u le n s is  i s  o f  low  
q u a l i t y  and i s  m ixed o r  re p la c e d  by box s p e c ie s  such as y e l lo w  box 
(E . m e l l io d o r a , A . Cunn. ex S chan . ) ,  g re y  box (E . m ic ro c a rp a  M a id e n ), 
and b la c k  box (E . l a r g i f l o r e n s , F . M u e l l .  S yn . E . b ic o lo r  A . C u n n .) .
In  th e  W estern  f o r e s t s  o f  V i c t o r i a  and New S ou th  W ales, b la c k  box 
(E . l a r g i f l o r e n s ) re p la c e s  E . c a m a ld u le n s is  on h ig h e r  g ro u n d .
2 .3  Econom ic S ig n i f ic a n c e  o f  E . c a m a ld u le n s is
E u c a ly p tu s  c a m a ld u le n s is  s e rv e s  a l im i t e d  r o le  in  
A u s t r a l ia n  f o r e s t r y  p r a c t ic e .  H ow ever, i t  has some v a lu e  f o r  th e  
p ro d u c t io n  o f  hardwood a lo n g  th e  M u rra y  R iv e r .  The a re a s  has been 
c u t  o v e r  f o r  lo g s ,  s le e p e rs  and p i le s  f o r  o v e r  100 y e a rs .  P a s t 
u t i l i s a t i o n  s ta n d a rd s  were h ig h  and s e le c t iv e  lo g g in g  has l e f t  some 
s ta n d s  c o n s is t in g  a lm o s t e n t i r e l y  o f  o v e r m a tu r e  t r e e s .  E a r ly  lo g g in g  
made use o f  th e  r e g u la r  w in te r - s p r in g  f lo o d s  w h ich  in u n d a te d  th e  
a re a  and p ro d u ce  was removed by w a te r  t r a f f i c . W heeled t r a n s p o r t  
now o p e ra te s  in  th e  d ry  summer-autumn m o n th s .
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The forest has been used for grazing of domestic animals 
for a long period of time. In the Victorian side of the Murray 
River, grazing in the E. camaldulensis forest commenced in the 1840's, 
when Edwin Curr ran 5 - 10,000 sheep on the Moira Lakes area, and 
has continued to the present day when cattle only are allowed to 
graze. There has been no evidence to suggest that domestic 
cattle kill young seedlings by grazing (Dexter 1967). The E. 
camaldulensis forest along the Murray River also provides a unique 
habitat for wild life, particularly water fowl (ibis, duck, egret, 
heron) and is recognised as out of the key breeding areas in 
Victoria.
The forest has considerable recreational value. It 
provides facilities for sightseers, campers, fishermen, bird watchers, 
bush walkers, scouting activities, shooters and picnic parties 
whilst the ajoining Murray River caters for water sports and boating 
as well. The area occupied by the E. camaldulensis forest along the 
Murray River plays a vital role in reducing flooding of valuable 
agricultural land in lower regions (Dexter 1965). During floods 
which may occur in winter and spring, the major part of the River 
Murray flow leaves the main stream below Tocumwal forming a temporary 
lake within the forest. As the level of the river may be too low 
in summer to permit irrigation in the agricultural areas, water flow 
regulators have been built on either side of the Murray River. These
regulators have been placed across deep effluent creeks of the 
Murray River to control the flow of water into and out of the forest.
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The wood o f  E . c a m a ld u le n s is  i s  re d  when c u t  and d a rke n s  
on e xp o su re  to  deep re d .  The sap wood i s  p in k is h  g re y  in  c o lo u r .
The g r a in  o f  th e  wood i s  som etim es v e ry  a t t r a c t i v e .  I t  may be 
d i f f i c u l t  to  saw and p la n e  on a c c o u n t o f  to u g h n e ss  b u t th e  wood 
g iv e s  a ha rd  and g lo s s y  s u r fa c e  when s c ra p e d  (M arsh and P oyn ton  
1 9 6 4 ).
As an e x o t ic  s p e c ie s ,  E . c a m a ld u le n s is  has become one o f  
th e  m ain E u c a ly p tu s  s p e c ie s  to  be p la n te d  o u ts id e  i t s  n a t iv e  h a b i t a t .  
The m ost f r e q u e n t ly  p la n te d  e u c a ly p ts  a l l  o v e r  th e  w o r ld  have been 
l i s t e d  by R o b e rto  de M e llo  A lv a re n g a  (1 9 6 4 ) a s : E . s a l ig n a , E . 
c i t r i o d o r a , E . p i l u l a r i s , E . r o b u s ta , E . g r a n d is , E . v im in a l i s ,
E . d e g lu p ta  and E . r u d i s . From g e n e ra l a c c o u n ts ,  a few  o th e r  
e u c a ly p ts  have become p o p u la r  in  o v e rs e a s  t r e e  p la n t in g .  In  a d d i t io n  
to  th e  M e llo  A lv a re n g a  l i s t  th e  f o l lo w in g  e u c a ly p ts  can be added :
E . m ic ro th e c a , E . d a lry m p le a n a , E . go m p h o ce p h a la , E . o c c id e n t a l i s ,
E . s id e r o x y lo n , E . la e v o p in e a , E . e u g e n io id e s  and E . d e le g a te n s is .
The i n i t i a l  i n t e r e s t  in  p la n t in g  E u c a ly p tu s  s p e c ie s  was p ro b a b ly  
s im p ly  t h a t  o f  a c o l l e c t o r  g ro w in g  th e  e x o t ic  and u n u s u a l,  e s p e c ia l ly  
in  th o s e  c o u n t r ie s  where th e y  s u r v iv e  o u t - o f - d o o r s  (P ry o r  1 9 7 1 ).
The g r e a te s t  succe ss  w ith  E . c a m a ld u le n s is  has been in  s e m i- a r id  a re a s  
b o rd e r in g  th e  M e d ite r ra n e a n , n o ta b ly  in  I s r a e l  and N o r th  A f r i c a .  The 
success  o f  th e  s p e c ie s  i s  due to  th e  ease w ith  w h ich  i t  can be g row n , 
i t s  r a p id  g ro w th  and i t s  a d a p t a b i l i t y  t o  a la r g e  ra n g e  o f  e n v iro n m e n ts  
(P e n fo ld  and W i l l i s  1 9 6 1 ). In  C yp ru s , E . c a m a ld u le n s is  i s  grown 
in  low  la n d s  and f o o t h i l l s ,  between sea le v e l  and an a l t i t u d e  o f
SOG m, and i t  re a c h e s  i t s  optim um  d e ve lo p m e n t in  r iv e r - b e d s  and
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fresh water marshes. On the siliceous soils of Libya and Portugal, 
the species grows very well. It also withstands low temperatures 
in Greece, France, Italy and many other Mediterranean countries.
Where E. camaldulensis has been well established it is used 
for many purposes as it furnishes a raw material suited to a wide 
range of uses. It supplies fuel, poles, posts, piles, sleepers, 
and sawn timber and industrial wood for board and pulp. For sometime 
in Brazil the bulk of the wood produced from E. camaldulensis was 
used for producing large quantities of charcoal for the steel 
industry (Metro 1955). The species is also grown in Laos to supply 
raw material to the local charcoal industry (Stevens 1972). In 
Morocco the species is grown on a coppice system for production of 
timber intended for the making of cellulose and white textile pulp 
(Metro 1955). Pryor (1971) pointed out that the current situation 
is that short-fibre material can be used not only for making a 
variety of papers but also various mixes involving some short-fibre 
Eucalyptus species such as E. camaldulensis and E. globulus are 
favoured and actively sought by the processors.
In addition, E. camaldulensis produces chemical by-products. 
In Spain, Portugal, Brazil and Belgium Congo, the leaves of E. 
camaldulensis and a few other eucalypts have been distilled for 
production of eucalyptus oils. Cultivation of the species on the 
Black sea coast of the Causasus for the production of the volatile 
or essential oils began about a century ago (Penfold and Willis 1961).
E. camaldulensis has also been planted for ornamental 
purposes, wind breaks, and on account of its reputed health giving
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qualities. The planting of the famous Pontine Marshes of Italy 
and the planting of the Hadera in the coastal plain of Israel are 
classic examples of the use of the species for health giving pur­
poses (Penfold and Willis 1961).
E. camaldulensis has been planted to serve other special 
purposes. It is planted to prevent wind erosion in some dry open 
spaces of the Negev in Israel (Karschon 1964). The species is 
used to restore long degraded soils and recently cleared land in 
Madagascar. It is also used to plant restored open-cast tin mines 
in the Jos Plateau of Nigeria (Wimbush 1963).
The establishment of plantations of E. camaldulensis and 
of forest trees in general accounts for the employment of thousands 
of people all over the world. In addition more people are employed 
in sawmill, charcoal industries, and paper manufacturing factories. 
It is difficult to assess the economic value of E. camaldulensis 
on a monetary basis alone, since not only does it provide fuel, 
building timber and industrial raw material which are of critical 
importance to living standards of the developing society, but it 
also provides shelter and aesthetic features, recreation, protection 
and reclamation of degraded land. Successful establishment of E. 
camaldulensis will surely provide ample opportunity for the economic 
development of some local industries which will alleviate the prob­
lems of unemployment in many countries of the world
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CHAPTER 3
PROVENANCE VARIATION IN EUCALYPTUS CAMALDULENSIS 
PEHN IN AUSTRALIA
As E. camaldulensis covers a wide range of habitats, some 
ecotypic variation would be expected to occur in the species. Most 
of the investigations into provenance variation of E. camaldulensis 
did not start until the mid 1960's. Prior to this time, some 
restricted studies were carried out on the seed germination of E. 
camaldulensis in Victorian forests. Grose and Zimmer (1958) 
examined some laboratory germination responses of the seeds of E. 
camaldulensis collected at different sites along the Murray River 
between Mildura and Tallangatta and from four non-riverine areas in 
Victoria. They found no relationship between environment of 
locality of seed collection and optimum conditions for germination 
of E. camaldulensis seeds. This was not unexpected because the 
geographic area of seed collection was still in the Murray River 
System, and represented a limited ecological situation among the 
multitude of natural habitats of E. camaldulensis. However, the 
work of Grose and Zimmer gave some useful indication of the germina­
tion responses of E. camaldulensis to temperature and light. E. 
camaldulensis seeds germinate best at a constant temperature of 
about 35°C. The species is positively photoblastic. The extent 
of germination at near optimum temperature is modified by the light 
requirements of the seeds and the amount and duration of illumination.
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The r e s u l t s  o f  t h e i r  w ork le d  d i r e c t l y  to  a f u r t h e r  s tu d y  on seed 
g e rm in a t io n  (C h a p te r  4 )  and in c lu d e s  s e e d lo ts  fro m  a ra n g e  o f  
p rovenan ces  c o v e r in g  th e  d i s t r i b u t i o n  o f  E . c a m a ld u le n s is  in  A u s t r a l ia .
Because o f  th e  econom ic im p o rta n c e  o f  E . c a m a ld u le n s is  as 
an e x o t ic ,  many in v e s t ig a t io n s  o f  p ro ve n a n ce  v a r ia t io n  have ta k e n  
p la c e  o u ts id e .  F o r  exam p le , n o ta b le  w ork on v a r i a b i l i t y  in  p ro ­
venances has been c a r r ie d  o u t in  th e  M e d ite r ra n e a n  re g io n  p a r t i c u l a r l y  
in  I s r a e l .  I n  a number o f  s m a ll  s c a le  p rovenan ce  t r i a l s  in  I s r a e l ,  
Karschon and B o lo t in  (1964 ) f i r s t  re c o rd e d  marked d i f f e r e n c e s ,  
a c c o rd in g  to  seed s o u rc e , in  g ro w th  and l im e  to le r a n c e  o f  E . c a m a ld u le n s is . 
T h is  was fo l lo w e d  by a s e r ie s  o f  in v e s t ig a t io n s  to  exam ine e c o lo g ic a l  
v a r ia t io n  in  E . c a m a ld u le n s is , r e p o r te d  by K a rschon  in  1967.
V a r ia t io n  w i t h in  s e le c te d  m o rp h o lo g ic a l fe a tu r e s  was in v e s t ig a te d  
in  21 p ro ve n a n ce s  re p re s e n t in g  m ost o f  th e  n a tu r a l  range  o f  E . 
c a m a ld u le n s is  in  A u s t r a l ia .
In  a l l  th e  a t t r i b u t e s  m easured , K a rschon  (1967 ) fo u n d  
s ig n i f i c a n t  d i f f e r e n c e s  between p ro v e n a n c e s , and c o n s e q u e n tly  he 
re c o g n is e d  tw o m a jo r  e c o ty p e s  in  E . c a m a ld u le n s is ;
1 . A n o r th e rn  g ro u p  w i th  h ig h  l ig n o tu b e r s  fre q u e n c y , g la u c o u s  
f o l i a g e ,  and h ig h  o i l  g la n d  d e n s i t y .  T h is  g ro u p  in c lu d e s  
th e  W estern  A u s t r a l ia  s u b -g ro u p  w h ich  has a lo w  fre q u e n c y  
o r  absence o f  l ig n o tu b e r s ,  and a lo w  le n g th - w id th
r a t i o  o f  th e  f o l i a g e .
2 .  A s o u th e rn  g ro u p  w ith  u s u a l ly  a lo w  fre q u e n c y  o r  la c k  o f  
l ig n o tu b e r s ,  g re e n  y e l lo w  to  g re e n -y e l lo w -g re e n  f o l ia g e  
and lo w  o i l  g la n d  d e n s i t y .
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On this basis, Karschon divided the natural distribution 
range of E. camaldulensis into two distinct geographical regions, 
that is, north and south.
Having divided E. camaldulensis into two major ecotypes, 
Karschon set out to investigate some specific problems associated 
with the growing of the species in the Mediterranean regions. In 
an attempt to do this he discovered morphological and physiological 
differences between the provenances of E. camaldulensis. In earlier
studies of E. camaldulensis Pryor (1957) and Ashton (1958) showed that 
frost resistance in E. camaldulensis has some relationship to seed 
origin. Similarly, Karschon (1968), working on freezing trials of 
nursery stock in Israel under controlled conditions, confirmed that 
frost resistance varies according to seed origin. All the provenances 
used in his frost treatment came from the northern ecotype of E. 
camaldulensis including Katherine, Ashburton River and Alice Springs. 
The progeny from Alice Springs showed more resistance to frost than 
the two more northern provenances. The more northern provenances of 
E. camaldulensis have greater lignotuber frequency than Alice Springs 
provenance, but there appears to be no direct relationship between 
lignotuber frequency and frost resistance, as expressed by the 
capacity of the plant to replace frost-killed shoots after frost 
treatment. This opinion could be supported by the fact that the 
more northern region has fewer frosts than Alice Springs. This 
also suggests lignotuber frequency is not a selective adaptation to 
frost. This could have been suggested as lignotuberous seedlings
would have greater survival capacity where frost damage is likely
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to occur. The present study on frost treatment (Chapter 7) has 
also included some provenances from southern ecotype of E. camaldulensis 
to examine differences between the northern and the southern ecotypes 
of the species. Since E. camaldulensis is introduced as an exotic 
species into many parts of the world in areas of extreme climatic 
conditions, foresters are faced with the problem of finding the best 
provenance for particular environments. Karschon and Pinchas 
(1971) remarked that both low and high temperatures could inhibit the 
growth of or even be lethal to certain ecotypes of E. camaldulensis 
cultivated outside its natural habitats. This assumption led to 
their useful study of differences in heat resistance between provenances 
of E. camaldulensis. They concluded that the heat resistance of 
the species is not related to the climate at the seed source as 
sources from the cooler parts of Australia may adapt themselves 
readily to the Mediterranean environments. This opinion was 
supported by their finding that the heat resistance values of leaves 
of E. camaldulensis from the provenances under investigation varied 
within relatively narrow limits. Provenances from the southern 
ecotype of E. camaldulensis may possess some inbuilt resistance to 
heat damage, and glaucousness of juvenile leaves of the northern 
ecotype may provide an additional safety margin in preventing heat 
damage in seedling leaves. This finding contrasts somewhat with 
results of their earlier work in 1968, when Karschon and Pinchas 
discovered that there is latitudinal variation of leaf temperatures 
in provenances of E. camaldulensis. Over-temperature rate (the
positive difference between leaf and air temperature) of progeny
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fro m  K a th e r in e  w i th  b r ig h t  f o l i a g e  was fo u n d  to  be lo w e r  th a n  t h a t  
o f  p ro g e n y  fro m  A l ic e  S p r in g s  w ith  g la u c o u s  le a v e s .  They a ls o  
e s ta b l is h e d  t h a t  l e a f  s u r fa c e  te m p e ra tu re s  o f  E . c a m a ld u le n s is  
a re  n o t  o n ly  r e la te d  to  th e  seed o r ig in  and th e  c o lo u r  o f  th e  f o l ia g e  
b u t  a ls o  to  th e  s o i l  m o is tu re  re g im e .
A p a r t  fro m  th e  w ork done in  th e  M e d ite r ra n e a n  r e g io n s ,  
some m o rp h o lo g ic a l c h a ra c te rs  o f  E . c a m a ld u le n s is  grown e ls e w h e re  
have  been shown to  v a ry  in  r e l a t i o n  to  th e  seed o r i g i n .  B u r le y ,
Wood and Hans (1 9 7 1 ) , w o rk in g  on 2 -y e a r  o ld  t r e e s  o f  25 p rovenan ces  
o f  E . c a m a ld u le n s is  grow n in  Z am b ia , e s ta b l is h e d  t h a t  p ro ve n a n ce s  
o f  E . c a m a ld u le n s is  d i f f e r e d  s i g n i f i c a n t l y  in  c e r t a in  m o rp h o lo g ic a l 
l e a f  c h a r a c te r s .  These in c lu d e d  le a f  le n g th ,  w id th ,  base a n g le  
and o i l  g la n d  d e n s i t y .  A n o r th e rn  and a s o u th e rn  e c o ty p e  o f  
E . c a m a ld u le n s is  were a g a in  re c o g n is e d .  T h e ir  f in d in g s  were o f  
ta x o n o m ic  v a lu e  as th e y  fo u n d  th e  s o u th e rn  p ro ve n a n ce s  have s h o r t e r ,  
and n a r ro w e r  le a v e s  th a n  th o s e  fro m  th e  n o r t h .  F u r th e r  in v e s t ig a t io n s  
o f  m o rp h o lo g ic a l fe a tu r e s  o f  le a v e s  o f  c e r t a in  p ro ve n a n ce s  o f  
E . c a m a ld u le n s is  a re  re p o r te d  in  th e  p re s e n t w ork  and c o n f irm  th e  
f in d in g s  o f  K a rs c h o n , and o f  B u r le y  and h is  a s s o c ia te s .
The w ork  o f  P ry o r  and B yrne  (1 9 6 9 ) on v a r ia t i o n  and 
taxonom y in  E . c a m a ld u le n s is  th re w  more l i g h t  on th e  g e n e ra l p a t te r n  
o f  p rove n a n ce  v a r ia t io n  in  th e  s p e c ie s .  E x p e r im e n ta l s tu d ie s  o f  
v a r ia t io n  based on s e le c te d  c h a ra c te rs  among h e rb a r iu m  spec im ens 
and s e e d lin g  p ro g e n y  r a is e d  fro m  9 p ro ve n a n ce s  in d ic a te d  l a t i t u d i n a l  
v a r ia t io n  in  E . c a m a ld u le n s is . In  g ro w th  r a t e ,  th e re  was some
te n d e n c y  f o r  h e ig h t  to  in c re a s e  w ith  d e c re a s e  in  l a t i t u d e  s u g g e s t in g
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a faster growth rate in the seedling stage for the northern popu­
lations. Frost damage and recovery of E. camaldulensis also 
indicated that northern provenances are more susceptible than southern 
populations. This was in agreement with the previous findings of 
Karschon (1968). Pryor and Byrne also recognised that the 
occurrence of lignotubers in E. camaldulensis varies with the seed 
origin. The occurrence of lignotuber decreases from the north to 
the south. The taxonomic and possible genetic inference from their 
work is that of dividing the total population of E. camaldulensis 
in Australia into two main taxa, one occupying a northern zone and 
the other a southern zone. The two taxa have in common a strong 
ecological preference for sites along or near stream banks.
Biochemical characters of E. camaldulensis have also been 
found to differ with seed origin. The pioneering work in this field 
of Hillis (1966) revealed variation in the nature of the flavonal 
glycosides in the leaves of E. camaldulensis indicating an association 
between composition and locality of seed origin. A further study 
by Banks and Hillis (1967, 1969) revealed that the populations of 
E. camaldulensis can be characterised by chemical features. By 
using a large number of provenances from more than 100 localities, 
Banks and Hillis (1969) distinguished between two distinct chemo- 
ecotypes of the species representing a northern and a southern 
division, and within each division, a further grouping into geo­
graphical regions was possible. There was similarity in the nature 
of polyphenols between all samples of the same type of tissue but 
there was variation in the number of compounds present in each type
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□f tissue. The mature leaves yielded more compounds for con­
sideration compared with the seeds and seedling leaves.
In an effort to determine the origin of E. camaldulensis 
and possible classification of the total population of the species 
into two sub-species, Karschon (1971) carried out further studies 
on lignotuber occurrence and its phylogenetic significance. Working 
on 13 provenances from Australia, Karschon reaffirmed that lignotuber 
occurrence in E. camaldulensis is closely related to the seed origin 
and has a transient character. In all the progenies under investi­
gation the frequency of lignotuber is not stable but increases 
or decreases with time. It was found that the lignotuber frequency 
is high in Northern Territory and northern Queensland progenies and 
low to nil in those from western Western Australia and the Murray 
River system. From the pattern of distribution of lignotuber and 
other primitive characters such as oil gland density, oil odour 
score and polyphenols in mature leaves, the origin of E. camaldulensis 
is thus suggested to be in the north or east of Australia. On 
account of high lignotuber frequency, Karschon (1971) postulated 
that the centre of origin of E. camaldulensis is in northern Queens­
land - the Pacific region of Banks and Hillis (1969) - rather than 
in the north of the continent. Pryor and Byrne (1969) have also 
pointed out that lignotubers are known to occur in most eucalypt 
species and are considered an ancient feature, their transient character 
or absence in populations of E. camaldulensis is considered to be
a derived feature.
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Where E. camaldulensis is planted either within or outside 
Australia it is almost always in situations where summer drought is 
a problem in successful establishment. Jacobs (1955) pointed out 
that E. camaldulensis has great ability to produce a prolific root 
system to meet the adverse conditions of the soil in the Murray 
River flood plains. This was supported by his finding of the high 
root shoot ratio for E. camaldulensis in the flood plains. Jacobs 
suggested that a very high root shoot ratio helps the species to 
penetrate the tight soils of the flood plains, and is a significant 
factor in the successful establishment of E. camaldulensis. In 
his investigation on flooding and regeneration of E. camaldulensis 
in Victorian forests, Dexter (1967) established that soil moisture, 
either alone or by interaction with other factors, was one of the 
important environmental factors affecting seedling establishment of 
E. camaldulensis. Where seedlings have to compete with ground 
vegetation and overstorey trees for the available soil moisture, 
they may die of soil drought in summer and autumn during their first 
year of growth. In the present study root development of several 
provenances of E. camaldulensis has been investigated in relation to 
soil moisture regime. The species has been grown in large pots and 
various droughting treatments applied. The pattern of root develop­
ment of E. camaldulensis is compared with two other fast-growing 
eucalypts from the coastal environment - E. pilularis and E. saligna.
This literature review on E. camaldulensis shows clearly 
that there is very considerable variation in E. camaldulensis. The 
high level of provenance variation in the species strongly suggests
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that very effective improvement could be made in the productivity 
of the species as an exotic by careful selection of seed source 
in tree introduction. This high level of variation makes the task 
of the forester difficult in choosing suitable provenances for 
afforestation. This review and the work reported both suggest 
that careful selection will achieve significant increase in production.
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CHAPTER 4 
SEED GERMINATION
4.1 Temperature Effects
4.1.1 Introduction
In many forest tree species, one of the effects of pro­
venance is variation in germination behaviour. This study set 
out to investigate temperature effects on germination behaviour of 
seed from a number of provenances of E. camaldulensis.
Pioneering work in this field was done by Grose and 
Zimmer (1958) who found E. camaldulensis seeds germinate best at a 
constant temperature of 35°C - an unusually high optimal temperature 
for most Victorian Eucalyptus species (Grose 1962). However, 
this work was confined mostly to seed of Victorian origin. In the 
present study the work of Grose and Zimmer has been extended to 
include a broader spectrum of the distributional range of the species 
to cover provenances from very diverse ecological situations.
4.1.2 Materials and Methods
Seed of E. camaldulensis was collected by officers of the 
Forest Research Institute, Canberra, during 1964 to 1972 from sites 
throughout most of its natural range. The collection was made at 
the instigation of the FAO Forestry and Forest Products Division 
because of the widespread interest in this species in many parts of
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th e  w o r ld .  The d i s t r i b u t i o n  o f  th e  s p e c ie s  w i t h in  A u s t r a l ia  i s  
in d ic a te d  on F ig u re  4 .1 ,  to g e th e r  w i th  th e  s i t e s  f o r  th e  F . R . I .  
c o l l e c t i o n s .
From th e  seed a v a i la b le  a t  th e  F . R . I . , s i x  s i t e s  were chosen 
f o r  th e  p re s e n t s tu d y .  From th e s e  s i x  l o c a l i t i e s  seed had been 
c o l le c te d  fro m  f i v e  t r e e s  and th e  seed fro m  each t r e e  had been k e p t 
s e p a ra te .  D e ta i ls  o f  th e  seed chosen f o r  s tu d y  a re  g iv e n  in  T a b le  
4 .1 .  These s i x  p rovenan ces  w ere s e le c te d  so t h a t  th re e  o f  them 
were lo c a te d  fro m  th e  N o r th  w h i le  th e  re m a in in g  th re e  w ere fro m  th e  
S o u th . The bou n d a ry  between th e  n o r th  and th e  s o u th  was a b i t r i a r i l y  
chosen as th e  T ro p ic  o f  C a p r ic o rn .  The th re e  n o r th e rn  p ro ve n a n ce s  
in c lu d e  K a th e r in e ,  Roy H i l l  and P e t fo r d ,  w h i le  th e  s o u th e rn  ones 
were M ild u r a ,  Agnew and G w yd ir R iv e r .
The seed sam p les  c o n s is te d  o f  a s m a ll  num ber o f  v ia b le  
seeds p lu s  a la r g e  num ber o f  u n f e r t i l i z e d  o v u le s  r e f e r r e d  to  as 
" c h a f f "  (L a rse n  1 9 6 5 ). I t  was h a rd  to  d is t in g u is h  some o f  th e  v ia b le  
seeds fro m  th e  c h a f f .
The g e rm in a t io n  d is h
The p r e p a ra t io n  o f  t h i s  d is h  i s  v e ry  s im i l a r  to  th e  
g e rm in a t io n  d is h  p re p a re d  by C rose  and Zimmer (1 9 5 8 ) e x c e p t t h a t  a pad 
o f  f i l t e r  p a p e r was used in s te a d  o f  a gauze w ic k ,  and one d is p o s a b le  
p e t r i  d is h  was used f o r  each r e p l i c a t e  as a g a in s t  one d is h  f o r  
f i v e  r e p l ic a t e s  (F ig u re  4 . 2 ) .
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Figure 4.2 The germination dish. (a) plastic disposable 
petri dish; (b) seed; (c) watch glass;
(d) filter papers; (e) water saturated 
filter papers.
Three 9 cm filter papers were placed at the bottom of the 
plastic petri dish to serve as a water reservoir. Two 11 cm filter 
papers were moistened with distilled water and then laid on the 
convex face of a watch glass of 7.6 cm diameter. The moistened 
filter papers were smoothed out and the overlapping portions of the 
filter papers were then folded under the edge of the watch glass.
The watch glass was then placed in the petri dish, convex 
side up, so that its perimeter rested on the water saturated filter 
papers at the bottom of the petri dish.
The weighed seed sample was coated with a pinch of fungi­
cide (Zineb 65) to minimise fungal infection. The seeds were 
evenly spread on the prepared watch glass. A small water bottle 
was used to add water to the dishes as deemed necessary.
Selection of seed samples
From each provenance, seed was collected from 5 trees, 
and the seedlots for each tree were kept separate. Five sub-samples
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w ere o b ta in e d  f o r  each t r e e  to  have a t o t a l  o f  tw e n t y - f i v e  su b -sa m p le s  
f o r  each p ro v e n a n c e . U s ing  a "G arnet" seed d i v id e r  th e  s e e d lo ts  were 
ra n d o m ly  d iv id e d  r e p e a te d ly  i n t o  e q u a l h a lv e s  u n t i l  a s u i t a b le  sub­
sam ple  was o b ta in e d .  The am ount o f  seed used f o r  th e  s e v e ra l p ro ­
venances v a r ie d  c o n s id e ra b ly  because o f  th e  d i f f e r e n c e  in  seed s iz e  
and th e  am ount o f  c h a f f .  The w e ig h ts  o f  s u b -sa m p le s  v a r ie d  fro m  
0 .0 2  to  0 .0 9  g f o r  d i f f e r e n t  p ro ve n a n ce s  so t h a t  th e  num ber o f  
f e r t i l e  seeds p e r  su b -sa m p le  c o u ld  be m a in ta in e d  w i t h in  th e  ra n g e  
o f  80 to  100.
A l l  th e  e x p e r im e n ts  w ere p e rfo rm e d  in  CERES, th e  CSIR0 
p h y to t ro n  in  C a n b e rra . The d e s ig n  and d e ve lo p m e n t o f  th e  CSIR0 
p h y to t ro n  was d e s c r ib e d  by M orse and Evans (1 9 6 2 ) .
The p e t r i  d is h e s  were p u t on t r a y s  p la c e d  on t r o l l e y s  in  
open g la s s h o u s e s . A lu m in iu m  f o i l  was used to  c o v e r  th e  p e t r i  
d is h e s  to  re d u ce  r a d ia t io n  fro m  th e  s u n . L ig h t  c o u ld  re a c h  th e  seed 
fro m  th e  s id e s  and th e  seeds were exposed to  l i g h t  d a i l y  w h i le  c o u n t in g  
th e  g e rm in a te d  s e e d s .
E ig h t  te m p e ra tu re s  re g im e s  were used to  d e te rm in e  tem pera ­
tu r e  e f f e c t s  on seed g e rm in a t io n  o f  E . c a m a ld u le n s is .
Regime 1 2 3 4 5 6 7 8
Day T e m p e ra tu re  (°C ) 15 18 21 24 27 30 33 36
N ig h t  T e m p e ra tu re  (°C ) 10 13 16 19 22 25 28 31
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The g la s s  houses w ere m a in ta in e d  a t  th e  day te m p e ra tu re  
f o r  e ig h t  h o u rs  d a i l y .  S u p p le m e n ta ry  l i g h t  in  th e  open g la s s  houses 
was used to  p ro v id e  a 1 6 -h o u r p h o to p e r io d .  T e m p e ra tu re s  w i th in  
th e  g la s s h o u s e s  may v a ry  by + 1 .5 °C .
G e rm in a tio n  c o u n t e x p re s s io n  and a n a ly s is  o f  d a ta
G erm ina ted  seeds were co u n te d  and removed d a i l y .  Seeds 
were re g a rd e d  as g e rm in a te d  when th e  h y p o c o ty l had emerged and grown 
to  a p p ro x im a te ly  5mm in  le n g th .  The end o f  th e  g e rm in a t io n  p e r io d  
f o r  a g iv e n  t r e a tm e n t was d e te rm in e d  to  be when th e  d a i l y  p e rc e n ta g e  
g e rm in a t io n s  f o r  each p ro ve n a n ce  f e l l  be low  one p e rc e n t .
In  th e  t re a tm e n ts  a p p lie d  th e  g e rm in a t io n  p e r io d  v a r ie d  
fro m  10 to  24 days d e p e n d in g  on te m p e ra tu re .  A t h ig h  te m p e ra tu re s  
th e  seeds g e rm in a te d  v e ry  r a p id ly  and c o m p le te ly .  A t th e  end o f  
th e  g e rm in a t io n  p e r io d  a l l  th e  p a r t i c le s  on th e  f i l t e r  pape rs  were 
squashed to  d e te rm in e  th e  number o f  u n g e rm in a te d  f e r t i l e  seeds r e ­
ga rded  as * v ia b le *  se e d s .
The mean o f  th e  p e rc e n ta g e  g e rm in a t io n  o f  each o f  th e  
tw e n t y - f iv e  s u b -sa m p le s  was ta k e n  as th e  p e rc e n ta g e  g e rm in a t io n  f o r  
each p ro ve n a n ce . The d a ta  so o b ta in e d  were g r a p h ic a l ly  re p re s e n te d  
in  F ig u re s  4 .3 ( a )  to  4 . 3 ( c )  to  g iv e  th e  p a t te r n  o f  p rovenance  
v a r ia t io n  a t  any p a r t i c u la r  g e rm in a t io n  p e r io d  f o r  day 6 , 10 and 14.
P ro g re s s iv e  p e rc e n ta g e  g e rm in a t io n  was d e r iv e d  as a 
p e rc e n ta g e  o f  p ro g re s s iv e  t o t a l  g e rm in a t io n  f o r  each day to  th e  
t o t a l  f e r t i l e  s e e d s . G ra p h ic a l r e p r e s e n ta t io n  o f  th e  p ro g re s s iv e  
p e rc e n ta g e  g e rm in a t io n  was shown in  F ig u re s  4 .5  and 4 .6  f o r  
K a th e r in e  and M ild u ra  r e p r e s e n t in g  a n o r th e rn  and s o u th e rn  e c o ty p e s
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)f E. camaldulensis. The same pattern of figure was obtained for 
;he other provenances under investigation. From the data obtained 
'or the progressive percentage germination it was possible to 
estimate the days for a 50 percent germination at various temperatures 
ind these were represented in Table 4.6.
Germination energy was expressed by an index (G.E.I.), 
erived from the modified Bartlett1s index, by summing the progressive 
ercentage germination period and dividing this total by the product 
f the number of days in the germination period and the final 
ercentage germination (Grose, 1963). The germination period was 
aken to be 6 days. This was 2 days longer than the period used by 
rose and Zimmer (1958) because the northern provenances were slow to 
erminate. The G.E.I. in effect gives an easily calculable numerical 
ndication of the area under the curve of cumulative percentage 
ermination plotted against time for a germination period of six 
ays. A high value for G.E.I. denotes early and rapid germination, 
nd a low value represents late and slow germination.
A period of 6 days was taken to provide numerical comparisons 
etween energies of most seed lots in most treatments. The G.E.I. 
as calculated for a germination period of 10 and 14 days to see if 
iere would be any change in the pattern of germination behaviour but 
iis was not so.
For all analyses involving percentages, data were trans- 
irmed to angular degrees (Snedecor, 1956). The means for the 5 
^ansformed values for each provenance were used in analysis of
'iriance.
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4 . 1 . 3  R e s u lts  and D is c u s s io n
T here  was no g e rm in a t io n  a t  th e  lo w e s t  e x p e r im e n ta l 
te m p e ra tu re  re g im e  o f  15O/ l0 ° C .  in  any o f  th e  p rovenan ces  a t  day 6 
o f  th e  g e rm in a t io n  p e r io d  (T a b le s  4 .2  and 4 . 3 ) .  A t a s im i l a r  lo w  
te m p e ra tu re  G rose and Zimmer (1958 ) o b se rve d  no g e rm in a t io n  o f  seed 
o f  E . c a m a ld u le n s is  fro m  th e  V ic t o r ia n  f o r e s t s .  Maximum g e rm in a ­
t i o n  f o r  4 o u t o f  6 p rovenances  o c c u r re d  a t  3 0 ° /2 5 °C . and 2 o u t  o f  6 
a t  3 3 ° /2 8 ° C . The p e rc e n ta g e  g e rm in a t io n  a t  day 6 f o r  K a th e r in e ,
Roy H i l l  and P e t fo rd  in  T a b le  4 .3  i s  th e  r e s u l t  o f  a s e p a ra te  
e x p e r im e n t .  The K a th e r in e  p ro ve n a n ce  i s  common to  b o th  e x p e r im e n ts  
and th e  r e s u l t s  f o r  t h i s  p ro ve n a n ce  a g re e  w e l l .  The optim um  
te m p e ra tu re  f o r  maximum g e rm in a t io n  i r r e s p e c t i v e  o f  p rovenan ce  l i e s  
betw een th e  two re g im e s  o f  3 0 ° /2 5 °C  and 3 3 ° /2 8 ° C . T h is  te m p e ra tu re  
i s  s l i g h t l y  lo w e r  th a n  th e  c o n s ta n t  35 °C . fo u n d  by G rose and Z im m er 
(1 9 5 8 ) to  p ro d u ce  optim um  g e rm in a t io n  o f  E . c a m a ld u le n s is . U nder
f i e l d  c o n d i t io n s  where th e re  i s  marked v a r ia t io n  in  day and n ig h t  
te m p e ra tu re s  i t  i s  e xp e c te d  t h a t  m ost seed o f  E . c a m a ld u le n s is  w i l l  
g e rm in a te  v e ry  r a p id ly  and s a t i s f a c t o r i l y  when d a i l y  maxima re a c h  30° 
to  3 3 °C . and when m o is tu re  i s  n o t  a l i m i t i n g  f a c t o r  f o r  g e r m in a t io n .
Marked d i f f e r e n c e s  in  g e rm in a t io n  b e h a v io u r  between p ro ­
venances o c c u rre d  a t  th e  lo w e r  te m p e ra tu re  re g im e s . T h e re  was a 
m arked n o r th - s o u th  d i v is io n  a t  th e  te m p e ra tu re  re g im e  o f  1 8 ° /1 3 °C . 
a t  6 d a y s . G w yd ir R iv e r  p rovenan ce  g e rm in a te d  r a p id ly  b u t l i t t l e  
o r  no g e rm in a t io n  was re c o rd e d  f o r  K a th e r in e ,  Roy H i l l  and P e t fo rd  
(T a b le s  4 .2  and 4 . 3 ) .
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The germination energy index (G.E.I.) at day 6 underlines 
germination behaviour of the provenances noted above. In the low 
temperature regimes the northern provenances from Katherine, Roy 
Hill and Petford have the lowest G.E.I. indicating slow and late 
seed germination in contrast to the southern provenances with high 
G.E.I.
For all the provenances, the days at which the progressive 
percentage germination at various temperatures would reach a 50 
percent were calculated (Table 4.6). This is an alternative way 
of viewing speed of germination. In the three lower temperature 
regimes of 15°/10°, 18°/13° and 21°/l6°Cr the northern provenances 
took much longer to reach 50°/o germination but all of the provenances 
germinated completely and rapidly at the higher temperatures, 
when 50% germination is reached in 4 days.
The following hypothesis is suggested, as an explanation 
of the results to tie in with the ecological situation of each seed 
source. For the survival of E. camaldulensis, or for any eucalypt 
under conditions of natural regeneration, it needs to germinate very 
quickly and rapidly when moisture and temperature conditions are 
ideal and are likely to be maintained for an adequate period of time. 
A close look at the rainfall data of the provenances (Figure 2.1) 
indicates that the north (Katherine) has a summer rainfall pattern 
and flooding will most likely occur during the months of December 
to March. The average daily mean temperatures during the months of 
summer are high averaging about 29°C. (Figure 2.2). When flood 
waters recede in late summer and early autumn the temperature is
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ideal for seed germination. In fact the temperature in the north 
is ideal throughout the year for the germination of E. camaldulensis 
seed, but moisture availability may result to the dormancy of the 
seed in winter. If northern provenance seed is brought to the south 
in winter between May and August when there is an adequate moisture, 
the temperature regime may become a limiting factor for its germina­
tion and successful establishment. Seed from southern provenances 
will have no problem of germinating in the north any time of the 
year provided there is enough moisture.
In the south, flooding of the E. camaldulensis forest 
will usually occur in winter and spring when temperatures are low.
As the water recedes in late spring and summer, prolific natural 
regeneration of E. camaldulensis takes place. The temperature 
regime in late spring and summer is favourable to seed germination 
of these southern provenances of E. camaldulensis. The seed will 
germinate rapidly at temperatures in the region of 2G°C. and the 
seedlings are able to become established before drought conditions 
set in later in the summer.
The evidence from these experiments indicates a genetic 
adaptation within the species to suit the germination conditions 
most likely to be encountered. The southern provenances have 
adapted to be able to germinate rapidly at low temperatures, an 
ability apparently not possessed by the northern provenances which 
occur in parts of Australia where autumn temperatures during the 
day rarely fall below 25°C.
47
Conclusions
Ecological variation exists in the seed germination 
behaviour of E. camaldulensis provenances. Marked differences 
occur between northern and southern provenances. At low temperatures 
seed from southern provenances germinates more rapidly and completely 
than seed from northern provenances. A marked N - S division is 
possible at temperatures of about 1B°/13°C. at the 6th day of seed 
germination. For all the provenances the optimum temperature for 
germination is between 30° and 33°C. The northern provenances have
a narrower range of optimum temperature for seed germination.
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TABLE 4.4 Mean Germination Energy Index at 
Different Temperatures at Day 6 
by Provenances.
Temperature
(Day/Night
°C.)
Katherine Mildura Gwydir River Agnew
Mean S.E. Mean S.E. Mean S.E. Mean S.E.
15/10 0.341 0.039 0.489 0.588 0.588 0.037 0.556 0.018
18/13 0.623 0.035 0.686 0.064 0.784 0.028 0.762 0.016
21/16 0.574 0.039 0.697 0.011 0.740 0.042 0.736 0.014
24/19 0.604 0.031 0.697 0.016 0.731 0.028 0.730 0.007
27/22 0.691 0.027 0.792 0.022 0.834 0.036 0.843 0.010
30/25 0.701 0.035 0.793 0.037 0.851 0.035 0.867 0.007
33/28 0.827 0.016 0.872 0.006 0.896 0.016 0.896 0.004
36/31 0.772 0.022 0.830 0.012 0.859 0.020 0.869 0.0
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TABLE 4 .5  Mean G e rm in a tio n  E ne rgy  In d e x  a t  
D i f f e r e n t  T e m p e ra tu re  a t  Day 6 
by P rovenance  f o r  O n ly  th e  
N o r th e rn  P ro ve n a n ce s .
T e m p e ra tu re  
(D a y /N ig h t ° C . )
Roy H i l l P e t fo rd K a th e r in e
Mean S .E . Mean S .E . Mean S .E .
15 /10 0 .4 7 9 0 .0 0 8 0 .4 2 7 0 .0 1 6 0 .2 0 8 0 .0 1 5
18 /13 0 .6 4 5 0 .0 0 7 0 .6 1 4 0 .0 0 7 0 .2 2 5 0 .0 2 0
2 1 /1 6 0 .6 9 7 0 .0 0 8 0 .671 0 .0 1 3 0 .3 5 9 0 .0 2 2
2 4 /1 9 0 .7 5 5 0 .0 0 5 0 .7 1 4 0 .0 1 5 0 .4 2 2 0 .0 2 4
2 7 /2 2 0 .8 0 8 0 .0 0 5 0 .7 7 3 0 .0 1 2 0 .5 1 7 0 .0 2 4
3 0 /2 5 0 .7 9 5 0 .0 0 5 0 .7 4 6 0 .0 1 3 0 .471 0 .0 2 0
3 3 /2 8 0 .8 6 0 0 .0 0 .8 1 5 0 .0 1 3 0 .6 5 4 0 .0 2 0
36 /3 1 0 .8 0 4 0 .0 1 0 0 .7 1 5 0 .0 1 5 0 .5 8 8 0 .031
TABLE 4 .6  Days a t  W hich th e  P ro g re s s iv e  P e rce n ta g e  
G e rm in a tio n  a t  V a r io u s  T e m p e ra tu re s  f o r  
D i f f e r e n t  P rovenances Reached 50%.
15 /10 18 /13 2 1 /1 6 2 4 /1 9 2 7 /2 2 3 0 /2 5 3 3 /2 8 3 6 /3 1°C
K a th e r in e 16 11 10 8 6 4 4 4
Roy H i l l 13 9 7 6 5 4 3 ß
P e t fo rd 13 10 8 6 5 4 4 4
M ild u ra 12 8 7 6 4 3 4 4
G w y d ir  R iv e r 10 6 6 5 3 2 3 3
Agnew 11 7 7 6 4 2 4 3
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12 U  24 30 3 6
Day Temperature (°C.)
FIGURE 4.3 Percentage germination of E. camaldulensis 
seeds from 4 provenances of Katherine (▼), 
Mildura (a ), Agnew (o) and Gwydir River (□) 
at day 6 (a), day 10 (b), and day 14 (c). 
Night temperature is 5 C. cooler than day 
temperature.
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10
Tim e (D ays)
FIGURE 4 .5 A t y p ic a l  g ra p h  o f  p ro g re s s iv e  p e rc e n ta g e  
g e rm in a t io n  f o r  th e  n o r th e rn  (K a th e r in e )  
p rovenan ce  o f  E . c a m a ld u le n s is  a t  d i f f e r e n t  
D a y ^N ig h t te m p e ra tu re  -  3 0 /2 5 °C . ( v ) , 2 7 /2 2 °C . 
(o), 1Q /13°C . (a ) and 1 5 /1 0 °C . ( □ ) .
Time (D ays)
FIGURE 4 .6  A t y p i c a l  g ra p h  o f  p ro g re s s iv e -  p e rc e n ta g e  
g e rm in a t io n  f o r  th e  s o u th e rn  (M i ld u ra )  
p rovenan ce  o f  E . c a m a ld u le n s is  a t  d i f f e r e n t  
D a y /N ig h t te m p e ra tu re  -  3 0 /2 5 °C . (▼), 2 7 /2 2 °C . 
(o), 1 8 /1 3 °C . (a ) and 1 5 /1 0 °C . ( □ ) .
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4.2 White Light Effects on Seed Germination of Eucalyptus 
camaldulensis■
4.2.1 Introduction
Clifford (1953), in his preliminary studies on light 
requirements for germination of seeds of some Eucalyptus species 
found that seeds of E. camaldulensis required light for satisfactory 
germination, particularly when the seed is not fully mature, but 
gave no detailed information on this or the light requirements of 
mature seeds.
Working on the effects of light on germination of E. 
camaldulensis seeds at constant temperature, Grose and Zimmer (1958) 
reported that certain amounts of light are required for satisfactory 
germination at all temperatures, but a daily dark period is also 
required for maximum germination at temperatures other than the 
optimum temperature of 35°C. They agreed with Clifford (1953) that 
light is essential for germination of E. camaldulensis and in further 
studies demonstrated there is variation in the light requirement 
for germination of E. camaldulensis. They reported that the variations 
in the light requirement does not depend on the maturity of the seed.
Both the studies on the effects of temperature on the seed 
germination of E. camaldulensis, and the studies of Grose and 
Zimmer (1958) on the effects of light on germination of red gum seeds 
were confined to seed collected in Victorian forests. In the present 
study some effects of light conditions on germination of E. camaldu­
lensis seed have been examined in relation to provenances.
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4.2.2 Materials and Methods
Seedlots of E. camaldulensis from 4 provenances of 
Katherine, Nathalia, Gwydir River and Agnew were used in this 
investigation. A full description of the seed sources is given in 
Table 4.1. For each provenance 25 samples were prepared using the 
same technique described in Chapter 4.1.2.
Three treatments were applied to determine the effects 
of light on the germination of E. camaldulensis seeds at a constant 
temperature of 27°C. The treatments were as follows:
1. Continuous light,
2. Continuous darkness,
3. Continuous darkness broken by short periods of light.
The periods of light consisted of 2, 10, 28 and 30 minutes 
of light given to the seeds at day 6, 11, 16 and 21 
from the day they were placed in darkness.
In effect, the design of the treatments followed very closely the 
work of Grose and Zimmer to permit a reasonable comparison of the 
results. The experiments were set up in an environment growth 
cabinet maintained at a constant temperature of 27°C. and relative 
humidity of 70%. In the light treatments, the light intensity at the 
dishes was approximately 500 f.c. which was supplied by eight 
40-watt white fluorescent tubes. The germination dishes were 
randomly arranged on a flat tray to expose the seeds to the light
as uniformly as possible
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G e rm in a tio n  C ount
G e rm in a te d  seeds were co u n te d  and removed d a i l y  in  a l l  
th e  3 l i g h t  t r e a tm e n ts .  T re a tm e n ts  2 and 3 w h ich  in v o lv e d  c o n t in u o u s  
d a rk n e s s  c re a te d  some p ro b le m s  in  c o u n t in g  g e rm in a te d  s e e d s . The 
p rob lem s  were s o lv e d  by u s in g  s p e c ia l l y  c o n s tru c te d  g re e n  f i l t e r e d  
l i g h t  o f  e x tre m e ly  lo w  l i g h t  i n t e n s i t y .  A l l  c o u n t in g  was done a t  
n ig h t .  The end o f  th e  g e rm in a t io n  p e r io d  f o r  a g iv e n  t r e a tm e n t  was 
d e te rm in e d  to  be when th e  d a i l y  p e rc e n ta g e  g e rm in a t io n s  f o r  each 
p rovenance  f e l l  be low  one p e r c e n t .
4 .2 .3  R e s u lts  and D is c u s s io n
The mean o f  th e  p e rc e n ta g e  g e rm in a t io n  o f  25 sam p les  f o r  
each day re p re s e n ts  th e  d a i l y  p e rc e n ta g e  g e rm in a t io n  f o r  each 
p ro ve n a n ce . The d a i l y  p e rc e n ta g e  g e rm in a t io n  f o r  a l l  th e  f o u r  
p rovenan ces  i s  g r a p h ic a l ly  re p re s e n te d  in  F ig u re s  4 .7  to  4 .9 ,  as 
f o l l o w s :
F ig u re s  4 .7  D a i ly  p e rc e n ta g e  g e rm in a t io n  in  c o n t in u o u s  l i g h t .
4 .8  D a i ly  p e rc e n ta g e  g e rm in a t io n  in  c o n t in u o u s  d a rk n e s s .
4 .9  D a i ly  p e rc e n ta g e  g e rm in a t io n  in  c o n t in u o u s  d a rk n e s s
b roken  by s h o r t  p e r io d s  o f  l i g h t .
In  c o n t in u o u s  l i g h t ,  seed g e rm in a t io n  o f  a l l  th e  
p rovenan ces  was r a p id  and a lm o s t co m p le te d  w i t h in  th e  f i r s t  10 d a y s . 
F o r th e  th re e  p ro ve n a n ce s  o f  N a th a l ia ,  G w yd ir R iv e r  and Agnew th e  
peak o f  maximum d a i l y  g e rm in a t io n  o c c u rre d  between day 3 and 4 .
There  was a d e la y  o f  2 days  b e fo re  K a th e r in e  p rovenan ce  re a ch e d  i t s  
peak o f  maximum d a i l y  g e r m in a t io n .  T he re  were marked d i f f e r e n c e s
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between p ro ve n a n ce s  in  th e  maximum d a i l y  p e rc e n t  g e rm in a t io n  p roduced  in  
th e  f i r s t  6 d a y s . F o r exam p le , Agnew p roduced  th e  h ig h e s t  maximum d a i l y  
p e rc e n t g e rm in a t io n  o f  58% w h i le  K a th e r in e  had th e  lo w e s t maximum 
p e rc e n t g e rm in a t io n  o f  22%.
N a th a l ia  and G w y d ir R iv e r  (b o th  on th e  M u rra y  R iv e r  
s ys te m s ) had maximum d a i l y  p e rc e n t  g e rm in a t io n  o f  38 and 33% r e s p e c t iv e ly .  
The g e rm in a t io n  o f  n o r th e rn  (K a th e r in e )  p ro ve n a n ce  seed a t  c o n t in u o u s  
l i g h t  was s lo w e r  th a n  th e  seed o f  th e  o th e r  th re e  p ro v e n a n c e s . Agnew 
was o b v io u s ly  q u i t e  d i f f e r e n t  in  i t s  g e rm in a t io n  a t  c o n t in u o u s  l i g h t  
compared w ith  G w yd ir R iv e r  and N a th a l ia .  The in c o n s is te n c y  o f  p a t te r n  
o f  d i f f e r e n c e s  between p ro ve n a n ce s  beyond th e  f i r s t  6 days  o f  g e rm in a t io n  
made i t  d i f f i c u l t  to  g iv e  any m e a n in g fu l i n t e r p r e t a t io n  to  th e  r e s u l t s .
In  c o n t in u o u s  d a rk n e s s , th e re  was some g e rm in a t io n ,  
b u t th e  d a i l y  p e rc e n ta g e  g e rm in a t io n  re c o rd e d  was much lo w e r  th a n  
t h a t  re c o rd e d  f o r  seed g e rm in a t io n  in  c o n t in u o u s  l i g h t .  T h is  sug­
g e s te d  t h a t  l i g h t  i s  e s s e n t ia l  f o r  s a t i s f a c t o r y  g e rm in a t io n  o f  E . 
c a m a ld u le n s is  s e e d s . As in  th e  c o n t in u o u s  l i g h t  t r e a tm e n t ,  seed o f  
a l l  p ro ve n a n ce s  reached  peak g e rm in a t io n  a t  3 to  4 d a y s . Under 
c o n t in u o u s  l i g h t ,  Agnew p ro ve n a n ce  had g r e a te r  peak g e rm in a t io n  r a t e ,  
b u t  u n d e r c o n t in u o u s  d a rk n e s s , G w yd ir R iv e r  seed had peak g e rm in a t io n  
r a t e .  F o r exam p le , G w yd ir R iv e r  p roduced  a maximum d a i l y  p e rc e n t 
g e rm in a t io n  o f  18% w h ile  th e  maximum f o r  Agnew and N a th a l ia  was 
a b o u t 8%. K a th e r in e  p ro ve n a n ce  s t i l l  had th e  lo w e s t  maximum d a i l y  
p e rc e n t  g e rm in a t io n  o f  5% in  th e  same p e r io d .  T h e re  was no 
c o n s is te n c y  in  g e rm in a t io n  b e h a v io u r  beyond day 6 o f  g e rm in a t io n .
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The seed g e rm in a t io n  b e h a v io u r  in  c o n t in u o u s  d a rk n e s s  
b roken  by s h o r t  p e r io d s  o f  l i g h t  was q u i t e  in t e r e s t in g .  B e fo re  th e  
f i r s t  p e r io d  o f  l i g h t  was in t ro d u c e d  a l l  th e  e n e rg y  s to re d  in  th e  
seed had been used as in d ic a te d  by th e  d ro p  in  th e  d a i l y  p e rc e n ta g e  
g e rm in a t io n .  A t t h i s  s ta g e , th e  r a t e  and th e  p a t te r n  o f  g e rm in a t io n  
f o r  a l l  th e  p ro ve n a n ce s  were s im i l a r  to  th o s e  in  th e  c o n t in u o u s  
d a rk  t r e a tm e n t .  When 2 m in u te s  o f  500 f . c .  l i g h t  was in t ro d u c e d  a t  
day 6 , th e re  was a la r g e  in c re a s e  in  g e rm in a t io n .  T h is  was re c o rd e d  
on th e  second day a f t e r  th e  e xp o su re  to  l i g h t .  F o r a l l  th e  p rovenan ces  
th e  maximum d a i l y  p e rc e n t g e rm in a t io n  p roduced  fro m  th e  r e a c t io n  to  
2 m in u te s  o f  l i g h t  was more th a n  d o u b le  t h a t  p roduced  in  c o n t in u o u s  
d a rk n e s s . As th e  e n e rg y  g a in e d  fro m  th e  2 m in u te s  o f  l i g h t  was 
u t i l i s e d ,  th e re  was a d ro p  in  d a i l y  p e rc e n ta g e  g e rm in a t io n .  A 
s im i l a r  s t im u lu s  to  g e rm in a t io n  fo l lo w e d  by a d e c l in e  in  g e rm in a t io n  
was re c o rd e d  f o l lo w in g  e xp o su re  to  l i g h t  a f t e r  m ost o f  6 -d a y  
g e rm in a t io n  p e r io d s  a t  c o n t in u o u s  d a rk n e s s .
G e rm in a tio n  re s p o n s e s  to  d i f f e r e n t  l i g h t  e xp o su re  p e r io d s  
a t  days 6 , 11, 16 and 21 a re  shown in  F ig u re  4 . 9 .  T here  was an 
in c re a s e  in  g e rm in a t io n  a s s o c ia te d  w ith  each e xp o su re  o f  seeds to  
l i g h t ,  b u t  g r e a te r  e x p o su re  to  l i g h t  d id  n o t  in c re a s e  th e  g e rm in a t io n  
r a t e .
T he re  was no c o n s is te n t  p a t te r n  o f  v a r ia t io n  between 
p rovenan ces  in  re s p e c t  to  g e rm in a t io n  re sp o n se  u n d e r th e  l i g h t  
t r e a tm e n t .  The e x p e r im e n ts  were re p e a te d  f o r  a l l  th e  p ro ve n a n ce s  
a t  th e  lo w e r  te m p e ra tu re  o f  2 5 °C . The r e s u l t s  w ere s im i la r  to  th o s e  
re p o r te d  in  t h i s  in v e s t ig a t io n ,  -  s u g g e s t in g  g e rm in a t io n  te m p e ra tu re  
may n o t a f f e c t  th e  way seeds re sp o n se  to  l i g h t .
GO
A summary of the germination behaviour in the 3 treatments, 
at a constant temperature of 27°C., is presented as an histogram 
(Figure 4.10). This shows the total percentage germination for the 
4 provenances, at continuous light and at the dark/light treatments.
It also shows germination percent for the 4 provenances at day 6 for 
the continuous dark treatment. The percentage germination at day 
6 for the dark/light treatment is also shown on the histogram for this 
treatment.
At continuous light there was no difference between 
provenances; more than 98% of viable seeds of all the 4 provenances 
germinated in continuous light. In continuous darkness, some 
differences between provenances occurred. Katherine produced the 
smallest percentage germination (4°/o) while Gwydir River produced the 
greatest percentage germination (43%). Agnew and Nathalia produced 
more or less the same percentage germination (around 20%). It is 
difficult to interpret this result. In the light/dark treatment 
peak percentage germinations at day 6 are very similar to those 
recorded under continuous darkness. The short period of light intro­
duced to the seedlots at day 6 greatly increased the total percentage 
germination. More than 98% of seeds from 3 provenances of Nathalia, 
Gwydir River and Agnew germinated while 83% of Katherine seeds 
germinated.
Conclusion
Certain conclusions could be drawn from the main findings 
relevant to the present investigations, as follows:
1 . Seed germination of E. camaldulensis is greatly stimulated
61
by l i g h t .  F o r s a t i s f a c t o r y  g e rm in a t io n ,  a s h o r t  p e r io d  
o f  l i g h t  i s  r e q u ir e d  in  th e  e a r ly  p e r io d  o f  g e r m in a t io n .
2 .  T he re  a p p e a rs  to  be no d i s t i n c t  v a r ia t io n  between 
p ro ve n a n ce s  in  t h e i r  l i g h t  re q u ire m e n ts  f o r  seed 
g e r m in a t io n .
3 . U nder any l i g h t  c o n d i t io n s ,  th e  n o r th e rn  (K a th e r in e )  
p rove n a n ce  was s lo w e r  to  g e rm in a te  th a n  th e  s o u th e rn  
p ro ve n a n ce s  o f  Agnew, G w y d ir R iv e r  and N a th a l ia .
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FIGURE 4.7 Seed germination of E. camaldulensis under
continuous light at 27°C. from 4 provenances
of Katherine (— •■), Nathalia (--), Gwydir River (---)
and Agnew (— ).
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FIGURE 4.8 Seed germination of E. camaldulensis under
continuous darkness at 27°C. from 4 provenances
of Katherine (— •-), Nathalia (--), Gwydir River (--)
and Agnew (-•-)•
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4.3 Spectrum Action and Seed Germination
4.3.1 Introduction
The effects of light spectrum on the germination of many 
agricultural plants such as tomato and lettuce have been well 
documented. Evenari (1965) reported that the influence of light on 
the germination of seeds could either be positive or negative. The 
germination of nearly all the positively photoblastic seeds of 
agricultural crops has been stimulated by red light of wavelength 
of about 630 to 680 mu (Evenari and Neumman 1953). The blue region 
between 400 to 500 mu has been shown to have no consistent effects, 
as it can either inhibit or promote seed germination.
A limited amount of work has been done on the effects 
of light spectrum on the seed germination of forest tree species. 
Black and Wareing (1959) reported that blue light alone had no 
effect on Betula pubescens, but it either promoted or inhibited 
germination depending upon whether it was applied before or after an 
irradiation with red light.
From the results of the direct effects of white light on 
seed germination of E. camaldulensis it was shown that the species 
is positively photoblastic. This is in agreement with the work of 
Grose and Zimmer (1958) on the white light effects on the seeds of 
E. camaldulensis from Victorian forests.
This study set out to determine which part of the visible 
light spectrum is critical for seed germination of E. camaldulensis. 
Seed from the southern population of Lake Albacutya has been used
in this experiment.
6G
4.3.2 Materials and Methods
Special germination dishes of rectangular shape made 
out of glass, measuring 1 1 x 5 x 2  cm and 0.6 cm thick, were 
painted black and used for the experiment. Cotton wool was placed 
in the dishes and saturated with distilled water which had already 
been coloured with dull black solution.
A layer of filter paper was placed on the saturated 
cotton wool. Weighed seedlot of 0.02 gm was thinly spread on 
the prepared germination dish and very quickly covered by a dull black 
cardboard protector that prevented any radiation reaching the seeds. 
The germination dishes were carefully arranged in small trays that 
held 4 germination dishes each. The dishes were immediately 
covered with two layers of black cloth before they were kept in a 
temperature controlled darkroom for the required period of imbibition 
which varied between 24 and 72 hours. The temperature of the dark­
room was set at 27°C. and controlled to within + 1°C. This 
temperature was found from the earlier experiments to be close to 
the optimum temperature for seed germination of E. camaldulensis.
The Light-spectrum Treatments
The light treatments involved exposure of the seedlots 
to a range of light spectrum regimes. At a CSIRQ phytotron darkroom 
the white light is broken down into components and these are focused 
on a graduated dark board. The light spectrum is marked on this 
board into wavelengths ranging from 380 to 720 millimicrons.
Between any two component wavelengths there is a difference of 20 
millimicrons, which on the board spans a length of 4.00 cm. In
G7
t h i s  e x p e r im e n t seeds were exposed a t  10 m i l l im ic r o n s  i n t e r v a l s .
The t im e  o f  e xp o su re  o f  l i g h t  to  each s e e d lo t  in  d i f f e r e n t  w a v e le n g th s  
was c a lc u la te d  to  g iv e  e q u a l e n e rg y  to  th e  s e e d lo ts  a t  e v e ry  wave­
le n g th .  The t im e  o f  e xp o su re  o f  th e  s e e d lo ts  to  d i f f e r e n t  wave­
le n g th s  v a r ie d  fro m  10 to  142 s e c s , f o r  an e n e rg y  le v e l  o f  7410 
-2  -1m w a t t  cm sec .
F o r  each t re a tm e n t 4 l o t s  o f  0 .0 2  gm o f  seeds were 
exposed to  a g iv e n  w a v e le n g th . A d a rk  la b o r a to r y  c o a t was worn 
by th e  o p e ra to r  th ro u g h o u t th e  o p e ra t io n  to  m in im is e  th e  am ount o f  
l i g h t  r e f l e c t i o n  in t o  th e  s e e d s . Each g e rm in a t io n  d is h  was a ls o  
shaded by a d u l l  b la c k  c a rd b o a rd  to  15 cm above th e  d is h  to  a l lo w  
th e  w a v e le n g th  to  f a l l  d i r e c t l y  on th e  seeds d u r in g  th e  t im e  o f  
e x p o s u re . Each t r e a te d  s e e d lo t  was q u ic k ly  r e tu rn e d  to  th e  
te m p e ra tu re  c o n t r o l le d  d a rk ro o m .
A t th e  end o f  day 6 when m ost o f  th e  seeds u n d e r c o n t in u o u s  
l i g h t  have g e rm in a te d  a l l  th e  t r e a te d  seeds were sco re d  f o r  g e r m in a t io n .
G e rm in a te d  seeds were co u n te d  and rem oved . A l l  th e  
p a r t i c l e s  on th e  f i l t e r  p a p e rs  were squashed to  d e te rm in e  th e  num ber 
o f  v ia b le  s e e d s . The mean o f  th e  p e rc e n ta g e  g e rm in a t io n  o f  f o u r  
s e e d lo ts  was ta k e n  as th e  p e rc e n ta g e  g e rm in a t io n  f o r  each w a v e le n g th .
The d a ta  a re  g r a p h ic a l ly  p re s e n te d  in  F ig u re  4 .1 1 .
4 .3 .3  R e s u lts  and D is c u s s io n
The re sp o n se  o f  E . c a m a ld u le n s is  to  d i f f e r e n t  l i g h t  w a v e le n g th  
i s  p re s e n te d  in  T a b le  4 .7  and g r a p h ic a l ly  i l l u s t r a t e d  in  F ig u re  4 .1 1 ,  
show ing  th e  seed g e rm in a t io n  e xp re sse d  as a p e rc e n ta g e  a f t e r  2 4 , 48
and 72 h o u rs  o f  im b ib i t io n  o f  s e e d lo ts .
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There is no consistent relationship between the imbibition 
period before exposure to the light spectrum, and the percentage of 
seeds germinated. Generally, the greater the period of seed 
imbibition before exposure to light, the greater the percentage 
germination, but this relationship appears to vary with the part 
of the light spectrum the seeds are exposed to.
In the blue light region of the spectrum (380 to 5G0 mu) 
there was little stimulus to germination. Some germination was 
recorded, but it was far less than that recorded at the red light 
region of the spectrum. This means that red light region of the 
spectrum (600 to 700 mu) promotes and stimulates seed germination 
of E. camaldulensis. There was a strong indication that the region 
of the red light critical to seed germination is between 620 and 640 
mu wavelength. In the far red region (720 mu) there was a reduction 
in the percentage germination.
Conclusions
From the present investigation it could be concluded that 
E. camaldulensis seeds are positively photoblastic to red light (600 
to 700 mu). Blue light and far red regions of the visible light 
spectrum seem to have very little influence on seed germination of 
E. camaldulensis. The period of imbibition of seed before exposure 
to light radiation has limited effects on seed germination.
The present results could only be regarded as intro­
ductory to the studies of spectrum action on species of eucalypts
and other forest tree species.
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TABLE 4.7 The Germination Expressed as a Percentage for 
E. camaldulensis at Different Wavelengths for 
Equal Energy Level of 7410 m watt cm~^sec~ .
Wave­
lengths
(mu)
Duration of 
irradiation 
after
imbibition at 
27°C (sec.)
Germination 7EE
After 24 hours 
of imbibition
After 48 hours 
of imbibition
After 72 hours 
of imbibition
380 142 19.64 30.41 -
400 60 17.24 21.25 -
420 26 2.78 12.28 -
440 14 7.77 10.13 -
460 10 7.44 21.35 -
480 12 12.48 29.57 -
500 11 22.34 15.13 -
520 23 25.93 19.13 -
540 23 32.85 20.65 -
560 30 39.48 42.56 21 .57
580 24 32.93 25.00 27.05
600 38 24.72 50.56 49.32
620 47 32.09 53.18 67.40
640 57 44.40 67.98 66.29
660 71 46.73 44.37 55.88
680 114 39.46 28.27 52.60
700 142 27.84 21.66 43.71
720 142 9.16 19.21 18.01
-oov
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CHAPTER 5
TEMPERATURE AND SEEDLING GROWTH
5.1 Introduction
The effects of specific environmental factors on plant 
growth can be investigated under controlled conditions (Green 1967), 
but in trees only the seedling stage of the life cycle can be studied 
in this way. For example, some effects of varying temperatures 
on growth of E. camaldulensis seedlings have been previously examined. 
Karschon and Pinchas (1968) showed that variation in leaf surface 
temperatures of E. camaldulensis was related to the seed origin, and 
in studies of the growth rate of progenies raised from 9 provenances, 
Pryor and Byrne (1969) established a strong indication of latitudinal 
variation in response to temperature. In the latter study, there 
was some tendency for height to increase with decrease in latitude 
suggesting a faster growth rate in the seedling stage for the northern 
populations of E. camaldulensis.
This study set out to further investigate seedling growth 
under a range of temperature regimes, as a means of understanding the 
possible nature of environmental influences on the provenances of 
E. camaldulensis.
5.2 Materials and Methods
Seedlots of Eucalyptus camaldulensis from four provenances -
Katherine, Lake Albacutya, Gwydir River and Agnew - were used for
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t h i s  in v e s t ig a t io n  (T a b le  4 . 1 ) .  F o r each p rove n a n ce  seed had been 
c o l le c te d  fro m  5 t r e e s ,  and each s e e d lo t  was k e p t s e p a ra te .  The 
s tu d y  th e r e fo r e  in v o lv e d  p ro g e n ie s  o f  20 t r e e s .  The f i v e  b e s t 
s e e d lin g  p ro g e n ie s  w ere s e le c te d  f o r  each t r e e  -  m aking a t o t a l  o f  
tw e n t y - f iv e  s e e d lin g s  f o r  each p ro v e n a n c e . The e x p e r im e n t was c a r r ie d  
o u t  a t  th e  CSIRQ p h y to t ro n  in  C a n b e rra . S e e d lin g s  w ere grown in  
th e  th re e  te m p e ra tu re  re g im e s  as f o l lo w s :
S e r ie s  -  Open G lasshouse 1 2 3
Day T e m p e ra tu re  ( ° C . ) 21 27 33
N ig h t T e m p e ra tu re  ( ° C . ) 16 22 28
The g la s s h o u s e s  a re  m a in ta in e d  a t  th e  day te m p e ra tu re  f o r  e ig h t  
h o u rs  d a i l y .  S u p p le m e n ta ry  l i g h t  in  th e  open g la s s h o u s e s  i s  used 
to  p ro v id e  a 1 6 -h o u r p h o to p e r io d .  T e m p e ra tu re s  w i t h in  th e  g la s s h o u s e s  
may v a ry  by + 1 .5 °C .
B e fo re  sow ing  th e  seed was c o a te d  w ith  fu n g ic id e  (Z in e b  6 5 ) .  
Seed was sown in  s m a l l ,  g e rm in a t io n  p o ts  c o n ta in in g  a m ix tu re  o f  
e q u a l p a r ts  o f  p e r l i t e  and v e r m ic u l i t e ,  and th e  seed was t h i n l y  
co ve re d  by p e r l i t e  a f t e r  s o w in g . The g e rm in a t io n  p o ts  s to o d  in  a 
t r a y  o f  w a te r  and shaded w i th  n y lo n  c lo t h  to  p ro v id e  a b o u t 70 
p e rc e n t sh a d e . The shade re m a ined  on th e  p o ts  f o r  3 w eeks. The seed 
was g e rm in a te d  a t  2 7 /2 2 °C . w h ich  i s  c lo s e  to  th e  optim um  te m p e ra tu re  
f o r  g e rm in a t io n  o f  E u c a ly p tu s  c a m a ld u le n s is . A t e x a c t ly  4 weeks 
a f t e r  s o w in g , two s e e d lin g  p ro g e n ie s  fro m  each p a re n t  t r e e  were
p r ic k e d  o u t  in t o  each o f  tw e n t y - f i v e  13cm p la s t i c  p o ts  c o n ta in in g  a
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m ix tu r e  o f  e q u a l p a r ts  o f  p e r l i t e  and v e r m ic u l i t e .  A f t e r  p r ic k in g  
o u t  th e  s e e d lin g s  were l e f t  a t  2 7 /2 2 °C . f o r  one week to  e s ta b l is h  
h a i r  r o o t s .  B e fo re  t r a n s f e r  to  th e  e x p e r im e n ta l t r e a tm e n ts ,  th e  
s e e d lin g s  were reduced  to  th e  b e s t s e e d lin g  p e r  p o t  and a l l  p o ts  f o r  
each te m p e ra tu re  t r e a tm e n t  were ra n d o m ly  a rra n g e d  on t r a y s .  The 
s e e d lin g s  were w a te re d  tw ic e  d a i l y ,  -  w i th  a m o d if ie d  "H o a g la n d " 
n u t r i e n t  s o lu t io n  in  th e  m o rn ing  and ta p  w a te r  in  th e  a f te r n o o n .  The 
c o m p o s it io n  o f  th e  H oagland s o lu t io n  i s  in  A p p e n d ix  1 .
The f o l lo w in g  p a ra m e te rs  w ere m easured e v e ry  te n  d a ys :
S e e d lin g  h e ig h t
B a s a l stem  d ia m e te r
Number o f  le a v e s  on stem
Number o f  le a v e s  on b ra n ch e s
Number o f  b ra n ch e s
Number o f  in te rn o d e s
The s e e d lin g  h e ig h t  was measured fro m  th e  c o ty le d o n  to  th e  e s t im a te d  
p o s i t io n  o f  th e  a p ic a l  m e r is te m . The b a s a l d ia m e te r  was m easured 
betw een th e  c o ty le d o n  and th e  f i r s t  l e a f  p a i r .  The r e l a t i v e  
p o s i t io n s  o f  th e  p la n ts  w ere changed a t  random a t  e v e ry  m easurem ent 
d a y . B e fo re  th e  f i n a l  h a rv e s t  was c a r r ie d  o u t ,  th e  f o l lo w in g  
a d d i t io n a l  d a ta  were o b ta in e d  f o r  each s e e d l in g :
L e n g th  o f  6 th  le a f  
L e n g th  o f  7 th  le a f  
L e n g th  o f  8 th  le a f  
B re a d th  o f  6 th  le a f
B re a d th  o f  7 th  le a f
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Breadth of 8th leaf 
Thickness of Qth leaf 
Basal angle of 8th leaf 
Lignotuber diameter
The leaf length was taken as the distance between the petiole and the 
apex of the leaf. The leaf breadth was the widest section of the 
leaf, this usually being at one third of the leaf length. The leaf 
thickness was the mean of four readings taken at different points - 
two on each side of the leaf; in this, care was taken to avoid any 
strong lateral vein on the leaf.
Final Harvest
After all these plant parameters were recorded, the shoot 
was cut off and placed in a paper bag. The roots were carefully 
washed clean of potting media, and placed in another paper bag. The 
plants were then dried in an oven at a temperature of 80°C. for seven 
days. The oven dry weight was determined by weighing the dried 
matter at a room temperature.
5.3 Results
I. Seedling Growth
A. Graphical Presentation of Growth Data.
The growth of Eucalyptus camaldulensis seedlings from 4 
provenances at each of the three temperature regimes are shown 
graphically in Figures 5.1 to 5.7 for each of the 6 parameters
measured, as follows:
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F ig u re s  5 .1
5 .2
5 .3
5 .4
5 .5
5 .6
5 .7
H e ig h t g ro w th ,
B asa l d ia m e te r,
Number o f  le a ve s  on stem ,
Number o f  le a ve s  on b ranches,
Number o f  b ranches,
Number o f  in te m o d e s ,
Response o f  th e  provenances a t  day 5Q, to  
th e  3 te m p e ra tu re  re g im e s .
In  a l l  s ix  a t t r ib u t e s  measured, and f o r  a l l  te m p e ra tu re  
reg im es th e re  was a more o r  le s s  p ro g re s s iv e  in c re a s e  in  s e e d lin g  
g ro w th  w ith  t im e . F o r some o f  th e  p a ram ete rs , f o r  example h e ig h t  
g ro w th , le a v e s  on branches and number o f  b ranches, r a te  o f  g row th  
was somewhat s lo w e r d u r in g  th e  10-20 o r  10-30 day p e r io d  than in  
th e  20 -50  o r  30-50  day p e r io d , b u t th e re  a f t e r  th e re  was a s t r a ig h t  
l i n e  r e la t io n s h ip  between th e  pa ram ete r and t im e .
In  a l l  s i x  a t t r ib u t e s ,  th e re  were marked d if fe re n c e s  
between th e  p rovenances. S e e d lin g s  from  th e  so u th e rn  p rovenances, 
Lake A lb a c u ty a  and G w yd ir R iv e r ,  had g e n e ra lly  g re a te r  g row th  ra te s  
than  s e e d lin g s  from  th e  n o r th e rn  provenances o f  K a th e r in e  and Agnew.
In  most o f  th e  p a ram e te rs , th e  n o r th e rn  and so u th e rn  provenances 
a re  q u i te  d i s t i n c t ,  b u t in  a few , th e  g ro w th  o f  K a th e r in e  provenance 
was e qu a l o r  c lo s e  to  th a t  o f  th e  g row th  o f  th e  so u th e rn  p rovenances. 
The Agnew provenance was c o n s is te n t ly  below  th a t  o f  th e  o th e r  3 
p rovenances. Qne o f  th e  more extrem e d if fe re n c e s  between provenances 
i s  in  th e  number o f  le a ve s  on s e e d lin g  b ranches . The so u th e rn
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provenances produce far more branches and leaves on branches than 
the northern provenances.
The effects of temperature on seedling growth are shown 
in Figure 5.7 for the four provenances at day 50 after transfer to 
the respective temperature treatments. The optimum temperature 
for growth was 27/22°C., for all provenances, and with one exception, 
for all attributes measured. The one exception was the "number 
of branches on seedlings" (Figure 5.7e) where the 27/22°C. temperature 
was distinctly superior for only one provenance (Gwydir River).
Seedling height growth was greater at 33/28°C. than 21/16°C. 
for the Lake Albacutya, Gwydir River and Katherine provenances, 
but not for the Agnew provenance. Perhaps on the hottest and 
driest environment such as Agnew, there has been natural selection 
against seedlings which grow most rapidly at high temperatures - 
thus increasing chances of seedling survival. It is significant 
that the Agnew provenance also has the slowest growth rate of the 
4 provenances at any temperature.
For growth parameters other than seedling height, pattern 
of seedling response at 33/28°C. and 21/16°C. varied; for example 
the number of leaves on branches, and the number of intemodes were 
greater at 33/28°C. than 21/16 C., while seedling basal diameter 
and number of leaves on branches tended to be greater at 21/16°C. 
than 33/28°C.
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FIGURE 5.1 Variation in the response to temperature of 
seedling height of E. camaldulensis from 4 
provenances of Katherine (□), Lake Albacutya (o), 
Gwydir River (a ) and Agnew (t).
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FIGURE 5.2 Variation in the response to temperature of seedling 
basal diameter of E . camaldulensis. Katherine (nl, 
Lake Albacutya (o), Gwydir River (a ] and Agnew (▼J.
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FIGURE 5.3 Variation in the response to temperature of the 
leaf production on the stem of seedlings of 
E. oamaldulensis from 4 provenances of 
Katherine[□],Lake Albacutya (o), Gwydir River (a ) 
and Agnew (▼).
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Days a f t e r  t r a n s f e r  to  te m p e ra tu re  t re a tm e n t
FIGURE 5 .4  V a r ia t io n  in  th e  resp o n se  to  te m p e ra tu re  o f  th e  
l e a f  p ro d u c t io n  on th e  s e e d lin g  b ra n ch e s  o f  
E . c a m a ld u le n s is  fro m  4 p rovenan ces  o f  
K a th e r in e  ( □ ] , Lake A lb a c u ty a  (o ) , G w yd ir R iv e r  ( a ) 
and Agnew (▼ ).
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FIGURE 5.5 Variation in the response to temperature of 
the branch production of E . camaldulensis 
from 4 provenances of Katherine (_□) , Lake 
Albacutya (o), Gwydir River (a) and Agnew (▼).
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FIGURE 5 .6  V a r ia t io n  in  th e  re sp o n se  to  te m p e ra tu re  o f  th e  
number o f  in te rn o d e s  on th e  s e e d lin g  stem  o f  
E . c a m a ld u le n s is  fro m  4 p rovenan ces  o f  
K a t h e r i n e ( □ ] , Lake A lb a c u ty a  (o ) , G w yd ir 
R iv e r  (a ) and Agnew ( v ) .
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FIGURE 5 .7  P rovenance  V a r ia t io n  in  Response o f  S e e d lin g  
P ro g e n ie s  o f  E . c a m a ld u le n s is  fro m  4 
P rovenances o f  K a t h e r i n e (□ ) ,  Lake A lb a c u ty a  (o ) , 
Gvvydir R iv e r  ( a ) and Agnew (▼) to  V a r ia t io n  
in  T e m p e ra tu re  a t  Day 50 A f t e r  T ra n s fe r  to  
T e m p e ra tu re  T re a tm e n t.
a ) s e e d lin g  h e ig h t
b ) s e e d lin g  b a s a l d ia m e te r
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FIGURE 5.7 (Cont*d.)
(c) number of leaves on stem
(d) number of leaves on branches
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FIGURE 5 .7  ( C o n t 'd . )
(e )  number o f  b ra n ch e s  on s e e d lin g
( f )  number o f  in te rn o d e a  on stem
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B. Analyses of Seedling Growth Data
The experimental data have been analysed in a number of 
ways, - (i) to show the significance of differences between provenances 
at the 3 temperatures, and for the six growth parameters, (ii) to 
show inter-relationships between growth parameters, and (iii) to 
show which of the parameters were contributing most to variation 
within the species, and specifically, within each of the provenances, 
(i) Comparison of provenance means for each growth parameter - 
at each temperature.
Means and standard errors for each of the growth parameters 
shown in Figures 5.1 to 5.7 are given in Tables of means in Appendix 2. 
These data were analysed and the least significant difference values 
at 5% level of probability are given to compare means of provenances 
at any one temperature and measurement period. In these Tables, 
each value represents the mean of 25 seedlings for each provenance.
A summary of the significance of differences between 
individual means, drawn from Appendix 2 is given in Table 5.1. This 
shows significance of difference between provenance means, for each 
of the 3 temperatures and 6 growth parameters. Most of the differen­
ces between provenance means were significant at the 5°/o level of 
probability. The consistent exception were as follows:
(a) The Gwydir River and Lake Albacutya provenances (both 
southern provenances) did not differ significantly in 
height growth at any temperature. Otherwise, both northern 
provenances differed from both southern provenances, and 
the northern Agnew provenance differed from the northern
Katherine provenance
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(b) Gwydir River and Lake Albacutya provenances (southern 
provenances) did not differ significantly in the number 
of leaves on the stem - at any temperature.
(c) Gwydir River and Lake Albacutya provenances again did
not differ significantly in the number of stem internodes - 
at any temperature.
These results tend to express a general similarity in 
the two southern provenances. They show the southern provenances 
are closely similar in seedling height, leaves on stems, and number 
of branches; and that the southern provenances differed consistently 
in these respects from the northern provenances. The analysis also 
shows the northern provenances (Katherine and Agnew) differed, but 
not consistently in all attributes - for example, differences between 
the northern provenances did not differ significantly, either at 
21° or 33°C., in "leaves on branches" and "number of branches".
(ii) Differences between provenances, where responses at all 
3 temperatures are taken into account.
For each of the six growth parameters, a univariate 
analysis of variance was carried out for data at day 50. A summary 
of the significance of differences between provenances is presented 
on Table 5.2. Where data for all 3 temperatures are taken into 
account, provenance differences were significant at the 5% level of 
probability, for all six growth parameters.
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TABLE 5.1 Summary of Significant Results of Analysis of Seedling
Growth Characteristics at Different Temperature Regimes.
1 = Agnew, 2 = Gwydir River, 3 = Lake Albacutya, 4 = Katherine.
21/16°C. 27/22°C. 33/28°C.
4 3 2 1 4 3 2 1 4 3 2 1
Height
1 * * * * * * * * *
2 * NS * NS * NS
3 * •H- •X-
4
Basal diameter - .
1 * * * NS * * -H- * *
2 NS * NS * *
3 * * *
4
Leaves on stem
1 * * * * * * * * -K-
2 NS NS * NS * NS
3 NS * *
4
Leaves on branches
1 NS * * -H- * * NS ■w-
2 * * * * * *
3 * * *
4
Number of branches -
1 NS * * * * * NS * *
2 * * * * •* *
3 * ■* *
4
Number of internodes
1 * * * * * * * * *
2 * NS * NS * NS
3 NS * *
4
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TABLE 5 .2  U n iv a r ia te  A n a ly s is  o f  V a r ia n c e  f o r  S e e d lin g  G row th
C h a r a c te r is t ic s  a t  day 50 a f t e r  T ra n s fe r  to
T e m p e ra tu re  T re a tm e n t.
S ource D .F . Mean S quare V a r ia n c e  R a t io
S ig .
5°/o
S e e d lin g  H e ig h t  (cm)
P rovenance 3 2165 0 .9 0 8 8 .9 8 *
T e m p e ra tu re 2 2 8 0 9 7 .0 6 9 5 .6 0
P ro v . x Temp. 6 973 .21 3 .3 1
B a sa l D ia m e te r (mm)
Provenance 3 0 .2 4 4 4 .8 6
T e m pera tu re 2 0 .31 5 6 .8 3
P ro v . x Temp. 6 0 .01 2 .6 5
Leaves on Stem
Provenance 3 9 4 3 .0 7 3 3 .0 2 *
T e m p e ra tu re 2 2 1 6 4 .6 9 7 5 .8 0
P ro v . x Temp . 6 3 8 .9 4 1 .36
Leaves on B ranches
P rovenance 3 22088 .34 ; , 4 3 .6 6 *
T em p e ra tu re 2 2 7 8 8 .7 6 5 .5 1
P ro v . x Temp. 6 1704 .33 3 .3 7
Number o f  B ranches
P rovenance 3 2 1 4 3 .3 3 5 6 .0 3 *
T e m pera tu re 2 2 3 5 .9 9 6 .1 7
P ro v . x Temp. 6 5 7 .3 6 1 .50
Number o f  In te rn o d e s  on Stem
Provenance 3 1181.71 4 4 .2 4 ■*
T e m pera tu re 2 2 8 5 0 .3 0 106.71
P ro v . x Temp. 6 7 8 .3 5 2 .9 3
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(iii) Interrelationships Between Growth Parameters.
In plant development some growth parameters will always 
be highly correlated with others - for example, seedling height and 
seedling basal diameter. Alternatively, correlation between other 
growth characteristics need not be strong, for example that between 
height growth and the number of branches or height growth and the 
number of intemodes on the stem.
For the data obtained in this study, a matrix of correlation 
coefficients for the six growth parameters has been prepared, for 
the species as a whole (Table 5.3) and for each of the provenances 
separately (Table 5.5). In preparation of this matrix, all data 
have been used, - that is, data for the three temperatures and the 
six occasions at which the measurements were taken.
For the species as a whole, seedling height was highly 
correlated with basal diameter, number of leaves on stems, and the 
number of internodes (correlation coefficient 0.9)» and less highly 
correlated with the number of leaves on branches, and the number 
of branches (correlation coefficients 0.5 to 0.6). Where the 
correlation coefficients are examined separately for each provenance, 
there is some separation of the northern and southern provenances 
with respect to the correlations between seeding height, and the 
number of leaves on branches, and number of branches, respectively. 
For the southern provenances, these two correlation coefficients 
were 0.632 and 0.600 (Lake Albacutya), and 0.711 and 0.668 (Gwydir 
River), and for the two northern provenances, the correlation 
coefficients were 0.385 and 0.367 (Agnew), and 0.416 and 0.401
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( K a th e r in e ) . T h is  means th e re  c o u ld  be some te n d e n c y  f o r  s e e d lin g  
b ra n ch  c h a r a c t e r is t ic s  to  be more in d e p e n d e n t o f  h e ig h t  g ro w th  in  
th e  n o r th e rn  th a n  in  th e  s o u th e rn  p ro v e n a n c e s . S im i la r l y ,  th e re  
i s  a b e t t e r  c o r r e la t io n  in  th e  s o u th e rn  p ro ve n a n ce s  between number 
o f  le a v e s  on s tem s and number o f  le a v e s  on b ra n ch e s  (0 .6 4 3  f o r  Lake 
A lb a c u ty a , 0 .7 2 6  f o r  G w yd ir R iv e r )  th a n  in  th e  n o r th e rn  p rovenan ces  
(0 .3 9 7  f o r  K a th e r in e ,  0 .3 5 6  f o r  A gnew ). N o rth e rn  p rovenan ce  seed­
l in g s  te n d  to  be g e n e r a l ly  more v a r ia b le  in  th e  way th e y  d e v e lo p  
th a n  th e  s o u th e rn  p rovenance  s e e d l in g s .  T h a t i s ,  th e re  c o u ld  have 
been s e le c t io n  f o r  b ra n c h , and le a f  c h a ra c te rs  in  th e  n o r th e rn  
e n v iro n m e n t t h a t  have c r i t i c a l  s u r v iv a l  v a lu e .
( i v )  P a r t i t i o n in g  C o n t r ib u t io n  o f  th e  S ix  G row th  P a ra m e te rs
to  T o ta l  V a r ia t io n  W ith in  th e  S p e c ie s , and to  th e
V a r ia t io n  W ith in  each P ro v e n a n c e .
In  th e  fo re g o in g  s e c t io n s  i t  has been shown t h a t  th e re  a re  
s i g n i f i c a n t  d i f f e r e n c e s  between p ro ve n a n ce s  in  r e s p e c t  to  each o f  
th e  s i x  g ro w th  p a ra m e te rs  m easured , and t h a t  s e e d lin g s  fro m  n o r th e rn  
p rovenan ces  te n d  to  be more v a r ia b le  w i th  re s p e c t  to  p a r t i c u la r  
c h a r a c t e r is t ic s  th a n  s e e d lin g s  fro m  th e  s o u th e rn  p ro v e n a n c e s . In  
t h i s  f i n a l  a n a ly s is  o f  th e  g ro w th  c h a r a c te r s ,  v a r ia n c e  com ponents 
f o r  each g ro w th  p a ra m e te r a re  exam ined in  a d is c r im in a n t  a n a ly s is  
to  d e te c t  th e  p r o p o r t io n  o f  t o t a l  v a r ia n c e  t h a t  i s  a t t r i b u t a b le  to  
each p a ra m e te r . T h is  i s  done f o r  a l l  s e e d lin g s  in v o lv e d  in  th e  s tu d y  
(T a b le  5 .4 )  and f o r  each p rovenan ce  s e p a r a te ly  (T a b le  5 . 6 ) .  V a lu e s  
re p o r te d  in  th e s e  ta b le s  a re  th e  p e rc e n ta g e  o f  t o t a l  v a r ia t io n  a t ­
t r i b u t a b le  to  each p a ra m e te r and t h e i r  e ig e n v a lu e s .
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Where a l l  s e e d lin g  p ro g e n ie s  a re  c o n s id e re d  (T a b le  5 . 4 ) ,  
number o f  in te rn o d e s  a c c o u n ts  f o r  88 p e rc e n t  o f  th e  t o t a l  o b se rve d  
v a r ia t i o n ,  and number o f  in te rn o d e s  and h e ig h t  g ro w th  to g e th e r  a c c o u n t 
f o r  a b o u t 93 p e rc e n t o f  o b se rve d  v a r i a t i o n .
Where th e  p ro ve n a n ce s  a re  c o n s id e re d  i n d i v i d u a l l y ,  th e re  
i s  an in t e r e s t in g  d i f f e r e n c e  between th e  p ro v e n a n c e s . In  th re e  
o f  th e  p ro v e n a n c e s , Lake A lb a c u ty a ,  G w y d ir R iv e r  and Agnew, th e  
number o f  in te rn o d e s  on th e  stem  i s  th e  m ain d is c r im in a t o r ;  in  
th e s e  p ro ve n a n ce s , th e  num ber o f  in te m o d e s  on th e  stem  a cco u n te d  
f o r  a round  90°/o o f  t o t a l  v a r i a t i o n .  A l t e r n a t i v e l y ,  th e  m ain d is ­
c r im in a to r  f o r  th e  K a th e r in e  p rovenan ce  was s e e d lin g  h e ig h t  -  con­
s t i t u t i n g  more th a n  90°/o o f  th e  t o t a l  o b se rve d  v a r i a t i o n .  K a th e r in e  
i s  th e  m ost n o r th e rn  p ro ve n a n ce  exam ined -  and has much g r e a te r  
v a r ia t io n  in  s e e d lin g  h e ig h t  th a n  th e  o th e r  3 p ro v e n a n c e s .
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TABLE 5 .3  C o r r e la t io n  C o e f f ic ie n t  M a t r ix  f o r  6 G row th  P a ra m e te rs , 
Based on D ata  a t  3 T e m p e ra tu re s , 4 P rovenances and 
6 M easured O c c a s io n s .
1 2 3 4 5 6
1. S e e d lin g  H e ig h t 1 .000 0 .9 3 7 0 .971 0 .571 0 .5 4 4 0 .9 7 8
2 .  B a s a l D ia m e te r 1 .000 0 .9 2 7 0 .6 6 0 0 .6 3 6 0 .9 3 9
3 .  Number o f  Leaves on 
Stem
1 .000 0 .5 6 6 0 .5 4 3 0 .9 8 4
4 .  Leaves on B ranches 1 .000 0 .9 6 6 0 .5 7 5
5 .  Number o f  B ranches 1 .000 0 .5 4 9
6 .  Number o f  In te rn o d e s 1 .000
TABLE 5 .4  A b s o lu te  E ig e n v a lu e s  and t h e i r  C o n t r ib u t io n s  to  T o ta l
V a r ia t io n ,  Based on D a ta  a t  3 T e m p e ra tu re s , 4 P ro ve n a n ce s , 
and 6 M easured O c c a s io n s .
O rd e r °/o o f  T o ta l  V a r i - E ig e n v a lu e s t - t e s t V a r ia te s  c o n t r i b u t -
a t io n 1% 5% in g  a t  a x is  one o n ly
1 8 8 .0 9 3 19 .243 •X--K- -K- Number o f  In te rn o d e s
2 5 .1 8 6 1 .133 * *  * H e ig h t
3 3 .1 3 9 0 .6 8 6 * *  * Number o f  Leaves on 
stem
4 1 .444 0 .3 1 5 * *  * B a s a l D ia m e te r
5 1 .287 0 .281 * Number o f  B ranches
6 0 .8 4 9 0 .1 8 6 * Number o f  Leaves on 
b ra n ch
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TABLE 5.5 Matrix of Correlation Coefficients for 6 Growth Parameters,
for Each of the 4 Provenance - Katherine, Lake Albacutya,
Gwydir River and Agnew - Based on Data at 3 Temperatures
and 6 Measured Gccasions.
(A) Katherine 1 2 3 4 5 6
1 Seedling Height 1.000 0.946 0.977 0.416 0.401 0.983
2 Basal Diameter 1.000 0.927 0.547 0.530 0.943
3 Leaves on Stem 1.000 0.397 0.381 0.985
4 Leaves on Branches 1.000 0.988 0.415
5 Number of Branches 1 .000 0.397
6 Number of Intemodes 1.000
(B) Lake Albacutya 1 2 3 4 5 6
1 Seedling Height 1.000 0.929 0.969 0.632 0.600 0.975
2 Basal Diameter , 1.000 0.922 0.710 0.685 0.932
3 Leaves on Stem 1 .000 0.643 0.611 0.979
4 Leaves on Branches 1.000 0.946 0.654
5 Number of Branches 1.000 0.620
6 Number of Intemodes 1.000
(C) Gwydir River 1 2 3 4 5 6
1 Seedling Height 1.000 0.930 0.966 0.711 0.668 0.976
2 Basal Diameter 1.000 0.926 0.797 0.756 0.937
3 Leaves on Stem 1 .000 0.726 0.692 0.985
4 Leaves on Branches 1.000 0.957 0.741
5 Number of Branches 1 .000 0.700
6 Number of Intemodes 1.000
(D) Agnew 1 2 3 4 5 6
1 Seedling Height 1.000 0.948 0.972 0.385 0.367 0.978
2 Basal Diameter 1.000 0.941 0.443 0.430 0.952
3 Number of Leaves on 1.000 0.356 0.339 0.984
Stem
4 Leaves on Branches 1.000 0.974 0.382
5 Number of Branches 1.000 0.364
6 Number of Intemodes 1.000
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TABLE 5.6 Absolute Eigenvalues and Their Contributions to Total 
Variation, for Each of the 4 Provenances - Katherine, 
Lake Albacutya, Gwydir River and Agnew - based on Data 
at 3 Temperatures and 6 Measured Occasions.
(A) Katherine
Order % of total Eigenvalues t-test Variates ContributingVariation 5°/o 1% at axis one only
1 92.224 19.928 * Height
2 5.053 1.092 * Number of Internodes
3 1.601 0.346 * ** Number of Branches
4 0.587 0.127 * ** Leaves on Stem
5 0.362 0.078 NS NS Leaves on Branches
6 0.173 0.038 NS NS Basal Diameter
(B) Lake Albacutya
Order % of total Eigenvalues t--test Variates ContributingVariation 5°/o 1% at axis one only
1 94.320 32 .578 * Number of Intemodes
2 2.823 0.975 * ** Seedling Height
3 1.438 0.497 -K- Mr* Number of Branches
4 0.731 0.253 * ** Basal Diameter
5 0.385 0.133 NS NS Leaves on Branches
6 0.301 0.104 NS NS Leaves on Stem
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TABLE 5.6 (Cont'd.)
(C) Gwydir River
Order % of total Variation Eigenvalues
t-■test Variates Contributing at 
axis one of scaled vectors5°/o 1%
1 90.607 24.480 * ** Number of Internodes
o 4.422 1.195 * ** Leaves on Stem
3 2.732 1 .738 * Basal Diameter
4 1.385 0.374 * ** Number of Branches
5 0.510 0.138 NS NS Height
6 0.340 0.092 NS NS Leaves on Branches
(D) Agnew
Order % of total Variation Eigenvalues
t-•test Variates Contributing at 
axis one of scaled vectors"5^ 1%
1 87.605 11.701 * ** Number of Internodes
2 6.705 0.896 *-* Height
3 3.607 0.482 * ** Leaves on Branches
4 1.194 0.160 * Leaves on Stem
5 0.624 0.083 NS NS Basal Diameter
6 0.263 0.035 NS NS Number of Branches
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I I . E f f e c t  o f  T em pe ra tu re  on L e a f M o rp h o lo g y
In  th e  s tu d y  o f  le a f  m o rp h o lo g y  l e a f  c h a ra c te rs  were m easured 
as f o l lo w s :  le n g th  and b re a d th  o f  6 th ,  7 th  and 8 th  le a v e s ,  mean
le a f  le n g th ,  mean le a f  b re a d th ,  th e  l e a f  le n g t h : le a f  b re a d th  r a t i o ,  
le a f  th ic k n e s s ,  and le a f  b a s a l a n g le .  A l l  e x p e r im e n ta l d a ta  a re  
sum m arised on A p p e n d ix  3 .  F o r each p a ra m e te r -  te m p e ra tu re  com bi­
n a t io n s ,  th e  s ig n i f ic a n c e  o f  th e  d i f f e r e n c e s  betw een p ro ve n a n ce s  i s  
g iv e n  (LSD a t  5% le v e l  o f  p r o b a b i l i t y ) . Some o f  th e s e  d a ta  a re  
i l l u s t r a t e d  g r a p h ic a l ly  in  F ig u re s  5 .8  to  5 .1 2  as f o l lo w s  -  u s in g  a l l  
s e e d lin g  d a ta :
F ig u re s  5 .8  In f lu e n c e  o f  T e m p e ra tu re  on mean le a f  le n g th
5 .9  In f lu e n c e  o f  T e m p e ra tu re  on mean le a f  b re a d th
5 .1 0  In f lu e n c e  o f  T e m p e ra tu re  on le a f  le n g th : b re a d th
r a t i o
5 .1 1  In f lu e n c e  o f  T e m p e ra tu re  on le a f  b a s a l a n g le
5 .1 2  In f lu e n c e  o f  T e m p e ra tu re  on le a f  th ic k n e s s .
A summary o f  th e  s ig n i f ic a n c e  o f  p ro ve n a n ce  d i f f e r e n c e s  a t  
each te m p e ra tu re  i s  g iv e n  f o r  each o f  th e  11 v a r ia b le s  in  T a b le  5 .7 ,  
and th e  summary o f  th e  u n iv a r ia t e  a n a ly s is  show ing  d i f f e r e n c e s  
between te m p e ra tu re  and betw een p rovenan ces  i s  g iv e n  in  T a b le  5 .8 .
T he re  was an in c re a s e  in  le a f  le n g th  fro m  6 th  to  8 th  le a f  
a t  each te m p e ra tu re  and f o r  each p ro v e n a n c e . T he re  was a s im i la r  
in c re a s e  in  l e a f  b re a d th .  The 8 th  l e a f  r e p re s e n ts  an in te rm e d ia te  
s ta g e  between th e  ju v e n i le  and th e  a d u l t  l e a f .  F o r c o m p a ra tiv e  
pu rposes  th e  mean le a f  le n g th  (6 , 7 , and 8 th  le a v e s )  and th e  mean 
le a f  b re a d th  (6 , 7 , and 8 th  le a v e s )  a re  ta k e n  as r e p re s e n t in g  le a f  
s iz e  and shape f o r  th e  w ho le  s e e d l in g .
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Seedling leaf size (mean leaf length, and mean leaf breadth) 
decreases with increasing growing temperature (Appendix 3(d), (h), 
Figures 5.8 to 5.9). For example, leaf length decreased from 10.47cm
at 21/16°C. to 8.11 cm at 33/28°C. for the Lake Albacutya provenance, 
and leaf breadth decreased from 4.17 to 3.05 cm. Temperature has 
a significant (p = 0.05) influence on mean leaf length and breadth 
(Table 5.8).
There are some significant differences between individual 
provenance means in leaf length, leaf breadth, at each of the 3 growing 
temperatures, but it is difficult to interpret these in a meaningful 
way (Table 5.7). For example, at 27/22°C. the only significant 
difference in mean leaf length between provenances was that between 
Gwydir River and Lake Albacutya provenances - both southern provenances. 
The northern provenance (Katherine) did not consistently differ from 
southern provenances in leaf length, but it did differ significantly 
from most of the southern provenances in leaf breadth at all 3 tem­
peratures. However, even here, the data are difficult to interpret - 
Katherine leaves were broader than Gwydir River and Agnew leaves at 
21/16°C., and narrower than Gwydir River and Agnew leaves at 27/22° 
and 33/28°C. Because of inconsistences such as these, difference 
between provenances in leaf length and breadth when all temperatures 
are considered, are not significant (Table 5.8).
When leaf shape is expressed as the ratio of leaf length/ 
leaf breadth, data show a significant difference between provenances 
(Table 5.8). The ratio for Agnew and Lake Albacutya is smaller than 
that for Katherine and Gwydir River at all temperatures, that is,
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there is no obvious relationship between leaf shape and latitude of 
provenance. The ratio itself does not vary consistently with 
temperature (Appendix 3(i)).
Leaves grown at low temperature were generally thicker than 
those grown at high temperatures, and there was a significant difference 
between provenances in this attribute. At each of the 3 temperatures, 
leaf thickness was greater on Lake Albacutya and Agnew seedlings than 
on Katherine and Gwydir River seedlings. That is,the Lake Albacutya 
and Agnew seedlings had both a smaller length/breadth ratio and thicker 
leaves than the Katherine and Gwydir River seedlings. It is again, 
difficult to interpret this.
Finally, there was a significant difference between 
provenances in leaf basal angle (Table 5.8). The Katherine 
provenances had a smaller basal angle at each of the three temperatures. 
For example, at 27/22°C. it was 80.4° for the Katherine (northern 
most provenance), and 92.3° for Gwydir River, 93.1° for Agnew, and 
108.5° for Lake Albacutya.
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FIGURE 5 .8  P rovenance v a r ia t io n  in  re sp o n se  to  te m p e ra tu re  
o f  mean le a f  le n g th  o f  E . c a m a ld u le n s is  d u r in g  
p e r io d  o f  50 d a y s . K a th e r in e  (n ) ,  Lake 
A lb a c u ty a  (o ) , G w yd ir R iv e r  ( a ) and Agnew (▼ ).
27/22
D a y /N ig h t T e m p e ra tu re  ( ° C .)
FIGURE 5 .9  P rovenance v a r ia t io n  in  re sp o n se  to  te m p e ra tu re  
o f  mean l e a f  b re a d th  o f  E . c a m a ld u le n s is  d u r in g  
p e r io d  o f  50 d a y s . K a th e r in e  (□ ) ,  Lake 
A lb a c u ty a  (o ) , G w yd ir R iv e r  ( a ) and Agnew (▼ ).
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D a y /N ig h t T e m p e ra tu re  ( ° C . )
FIGURE 5 .1 0  T e m pera tu re  e f f e c t  on le a f  le n g th /b re a d th  
r a t i o  o f  E . c a m a ld u le n s is  d u r in g  p e r io d  o f  
50 d a y s . K a th e r in e  ( □ ] ,  Lake A lb a c u ty a  (o ) , 
G w yd ir R iv e r  ( a ) and Agnew (▼ ).
D a y /N ig h t T e m p e ra tu re  ( ° C . )
FIGURE 5 .1 1  T e m p e ra tu re  e f f e c t  on le a f  b a s a l a n g le  o f  
E . c a m a ld u le n s is  d u r in g  p e r io d  o f  50 d a y s . 
K a th e r in e  (_□ J , Lake A lb a c u ty a  (o), G w yd ir 
R iv e r  (a ) and Agnew (▼ ).
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27/22
D a y /N ig h t T e m p e ra tu re  ( ° C . )
FIGURE 5 .1 2  T e m p e ra tu re  e f f e c t  on le a f  th ic k n e s s  o f
E . c a m a ld u le n s is  d u r in g  p e r io d  o f  50 d a y s . 
K a th e r in e  (□_), Lake A lb a c u ty a  (o ) , G w yd ir 
R iv e r  ( a ) and Agnew (▼ ).
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TABLE 5 .7  Summary o f  S ig n i f i c a n t  R e s u lts  o f  A n a ly s is  a t  P = 0 ,0 5
f o r  Some L e a f C h a r a c te r is t ic s  a t  3 T e m p e ra tu re s .
1 = Agnew, 2 = G w yd ir R iv e r ,  3 = Lake A lb a c u ty a ,  4 = K a th e r in e
2 1 / 16°C . 2 7 /2 2 °C . 3 3 /2 8 °C .
4 3 2 1 4 3 2 1 4 3 2 1
6 th  L e a f L e n g th
1 * *  NS NS NS * * NS a-
2 * -a- NS -a- NS NS
3 NS NS NS
4
7 th  L e a f L e n g th
1 a- *  NS NS NS NS * a- a-
2 * * NS a- -a- a-
3 NS NS NS
4
8 th  L e a f L e n g th
1 * *  * NS *  NS a- a- a-
2 * * NS ■a- NS NS
3 NS * NS
4
Mean L e a f L e n g th
1 * *  NS NS NS NS a- a- a-
2 * * NS -a- NS a-
3 NS NS NS
4
6 th  L e a f B re a d th
1 * -a- * •a- NS NS a- NS NS
2 * * -a- a- a- NS
3 -a- -a- a-
4
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TABLE 5 .7  ( C o n t 'd . )
7 th  L e a f B re a d th
8 th  L e a f B re a d th
Mean L e a f B re a d th
L e a f L e n g th /B re a d th  R a t io
8 th  L e a f T h ic k n e s s
L e a f B a sa l A n g le
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TABLE 5 .8  U n iv a r ia te  A n a ly s is  o f  V a r ia n c e  f o r  L e a f C h a r a c te r is t ic s
a t  Day 50 A f t e r  T ra n s fe r  to  T e m p e ra tu re  T re a tm e n t.
S ource DF Mean Square V a r ia n c e
R a t io S ig  .5°/o
6 th L e a f L e n g th
P rovenance 3 6.10c 2 .0 9 NS
T em pera tu re 2 44 .40 15.22
P ro v . x Temp. 6 8 .9 7 3 .08
7 th L e a f L e n g th
P rovenance 3 7.95. 2 .4 6 NS
T e m pera tu re 2 106.68 33.00 *
P ro v . x Temp. 6 12.53 3 .88
8 th L e a f L e n g th
P rovenance 3 8.61 • 2 .42 NS
T e m p e ra tu re 2 135.14 37.97 *
P ro v . x Temp. 6 10.23. 2 .8 8
Mean L e a f L e n g th
Provenance 3 6 .5 5  . 2 .1 8 NS
T e m p e ra tu re 2 89.57 29.73 *
P ro v . x Temp. 6 10.56 3.51
6 th L e a f B re a d th
P rovenance 3 3 .26/ . 6 .7 9 NS
T e m p e ra tu re 2 10.43c 21.71 *
P ro v . x Temp. 6 1.52 3 .1 8
7 th L e a f B re a d th
P rovenance 3 4.41 7.71 NS
T em p e ra tu re 2 21.34 37.27 -tf-
P ro v . x Temp. 6 1 .88 3 .29
8 th L e a f B re a d th
P rovenance 3 5.20; 7 .62 NS
T em pera tu re 2 27 .93 40.93 *
P ro v . x Temp. 6 2.1C 3 .08
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TABLE 5.8 (Cont'd.)
Source DF Mean Square VarianceRatio Sig .5°/o
Mean Leaf Breadth (cm)
Provenance 3 4.1C • 7.69 NS
Temperature 2 19.23 36.06 *
Prov. x Temp. 6 1 .78, 3.34
Leaf Length/Breadth Ratio
Provenance 3 5.33 20.22 *
T emperature 2 1 .07 4.08
Prov. x Temp. 6 0.17 0.67
8th Leaf Thickness (mm)
Provenance 3 0.02 77.18 -X-
Temperature 2 0.00. 24.84
Prov. x T emp. 6 O.OC 2.80
Leaf Basal Angle (°)
Provenance 3 7282.14. 27.76 *
Temperature 2 886.08. 3.38
Prov. x Temp. 6 146.07 0.56
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I I I .  D ry  W e igh t P ro d u c t io n  and L ig n o tu b e r  D ia m e te r . 
G ra p h ic a l P re s e n ta t io n
A t f i n a l  h a r v e s t ,  com ponents o f  d r y  w e ig h t p ro d u c t io n  
were m easured as f o l lo w s :  le a f  d r y  w e ig h t ,  stem  d ry  w e ig h t ,  r o o t
d ry  w e ig h t and t o t a l  d r y  w e ig h t .  The le a f /s te m  w e ig h t r a t i o  and 
th e  r o o t / s h o o t  w e ig h t r a t i o  w ere c a lc u la t e d .  L ig n o tu b e r  d ia m e te r  
was a ls o  measured a t  h a r v e s t .  The d i f f e r e n c e s  between p ro ve n a n ce s  
in  th e  re sp o n se  to  te m p e ra tu re  o f  d r y  w e ig h t p ro d u c t io n ,  and l ig n o ­
tu b e r  d ia m e te r ,  a re  i l l u s t r a t e d  in  F ig u re s  5 .1 3  to  5 .1 9  as f o l lo w s :
F ig u re  5 .1 3 L e a f D ry  W e ig h t,
5 .1 4 Stem D ry  W e ig h t,
5 .1 5 R oot D ry  W e ig h t,
5 .1 6 T o ta l  D ry  W e ig h t,
5 .1 7 L e a f/S te m  W e ig h t R a t io ,
5 .1 8 R o o t/S h o o t W e ig h t R a t io
5 .1 9 L ig n o tu b e r  D ia m e te r .
F o r a l l  f o u r  p ro v e n a n c e s , g r e a te r  d r y  w e ig h t p ro d u c t io n s  
o f  le a f ,  stem  and t o t a l  d r y  w e ig h t were re c o rd e d  a t  th e  medium 
te m p e ra tu re  ( 2 7 /2 2 ° C . ) .  T he re  was some d e p a r tu re  fro m  t h i s  p a t te r n  
f o r  r o o t  d r y  w e ig h t .  T h e re  w ere marked d i f f e r e n c e s  between th e  
p rovenan ces  in  d ry  w e ig h t  p r o d u c t io n .  Agnew c o n s is t e n t ly  p roduced  
th e  s m a l le s t  am ounts o f  d ry  m a t te r  ( l e a f ,  s te m , r o o t  and t o t a l  d r y  
w e ig h t ) .  In  te rm s  o f  d ry  w e ig h t p ro d u c t io n ,  K a th e r in e  i s  i n t e r ­
m e d ia te  between th e  Agnew p rovenan ce  and th e  tw o s o u th e rn  p ro ve n a n ce s  
o f  Lake A lb a c u ty a  and G w yd ir R iv e r .
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The r a t i o  o f  l e a f  w e ig h t : stem  w e ig h t was la r g e ly  u n a f­
fe c te d  by te m p e ra tu re  f o r  th e  Agnew and G w yd ir R iv e r  p ro ve n a n ce s , b u t 
th e re  was a s te e p  in c re a s e  in  th e  r a t i o  f o r  th e  K a th e r in e  and Lake 
A lb a c u ty a  p rovenan ces  a t  3 3 /2 8 °C . I t  i s  d i f f i c u l t  to  p la c e  any 
m e a n in g fu l i n t e r p r e t a t io n  on t h i s .
The r a t i o  o f  r o o t  w e ig h t : s h o o t w e ig h t i s ,  w i th  one 
e x c e p t io n ,  g r e a te r  a t  th e  lo w  (2 1 /1 6 ° C .)  th a n  h ig h e r  te m p e ra tu re s  
(2 7 /2 2 ° ,  3 3 /2 8 ° C . ) .  I f  th e  b e h a v io u r  o f  th e  Agnew p rove n a n ce  a t  
2 7 /2 2 °C . i s  e x c e p te d , th e re  i s  l i t t l e  d i f f e r e n c e  in  r o o t  : s h o o t r a t i o  
a t  2 7 /2 2 °  and 3 3 /2 8 °C .
T he re  was a n o ta b le  d i f f e r e n c e  between p rovenan ces  
in  l ig n o tu b e r  p ro d u c t io n ,  f o r  exam p le , K a th e r in e  p rove n a n ce  had by 
f a r  th e  g r e a te s t  a s s o c ia te  o f  l ig n o tu b e r  w i th  s e e d lin g s  a t  a l l  th e  
3 te m p e ra tu re s .  The fre q u e n c y  o f  l ig n o tu b e r  o c c u rre n c e  (°/0) in  a l l  
th e  4 p rovenan ces  was sum m arised as f o l lo w s :
L ig n o tu b e r  O ccu rre n ce  (%)
2 1 /1 6 ° C . 2 7 /2 2 °C . 3 3 /2 8 °C .
K a th e r in e 10 72 72
Lake A lb a c u ty a □ □ 0
G w yd ir R iv e r 4 4 20
Agnew 0 12 20
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The m ost s o u th e rn  p rovenan ce  (Lake  A lb a c u ty a )  p roduced  no 
l ig n o tu b e r s  a t  any te m p e ra tu re .  In c re a s e  in  te m p e ra tu re  beyond 
2 1 /1 6 °C . in d u c e d  l ig n o tu b e r  o c c u rre n c e  in  th e  Agnew and G w yd ir 
R iv e r .  L ig n o tu b e r  d ia m e te r  on K a th e r in e  s e e d lin g s  was f a r  g r e a te r  
th a n  on th e  Agnew and G w yd ir R iv e r  s e e d l in g s .
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2 l/l6  2 l l 2 2  33)28
D a y ^N ig h t T e m p e ra tu re  ( C .)
FIGURE 5 .1 3  T e m p e ra tu re  e f f e c t  on l e a f  d r y  w e ig h t o f
E . c a m a ld u le n s is  d u r in g  p e r io d  o f  50 d a y s . 
K a th e r in e  (□ ) ,  Lake A lb a c u ty a  ( o ) , G w yd ir 
R iv e r  ( a ) and Agnew (▼ ).
D a y /N ig h t T e m p e ra tu re  (°C
FIGURE 5 .1 4  T e m p e ra tu re  e f f e c t  on stem  d ry  w e ig h t o f
E . c a m a ld u le n s is  d u r in g  p e r io d  o f  50 d a y s . 
K a th e r in e  (□ ) ,  Lake A lb a c u ty a  ( o ) , G w yd ir 
R iv e r  ( a ) and Agnew (▼ ).
D a y /N ig h t T e m p e ra tu re  ( ° C . )
FIGURE 5 .1 5  T e m p e ra tu re  e f f e c t  on r o o t  d r y  w e ig h t o f
E . c a m a ld u le n s is  d u r in g  p e r io d  o f  50 d a y s . 
K a th e r in e  ( □ ] ,  Lake A lb a c u ty a  (o ) , G w yd ir 
R iv e r  ( a ) and Agnew .
L
e
a
f/
S
te
m
 
R
a
ti
o
 
T
o
ta
l 
D
ry
 
W
e
ig
h
t 
(g
m
)
111
D a y /N ig h t T e m p e ra tu re  ( ° C . )
FIGURE 5 .1 6  T e m p e ra tu re  E f f e c t  on T o ta l  D ry W e ig h t o f  
E . c a m a ld u le n s is  D u r in g  P e r io d  o f  50 D ays. 
K a t h e r i n e ( □ ] , Lake A lb a c u ty a  (o ) , G w yd ir 
R iv e r  ( a ) and Agnew (▼ ).
D a y /N ig h t T e m p e ra tu re  ( ° C . )
FIGURE 5 .1 7  T e m p e ra tu re  E f f e c t  on L e a f/S te m  R a t io  o f
E . c a m a ld u le n s is  D u r in g  P e r io d  o f  5G D ays. 
K a th e r in e  [ n j ,  Lake A lb a c u ty a  (o ) , G w yd ir 
R iv e r  ( a ) and Agnew ( v ) .
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D a y /N ig h t T e m p e ra tu re  ( ° C . )
FIGURE 5 .1 8  T e m p e ra tu re  E f f e c t  on R o o t/S h o o t R a t io  o f  
E . c a m a ld u le n s is  D u r in g  P r io d  o f  5Q D ays. 
K a th e r in e  [ □ } , Lake A lb a c u ty a  (o ) , G w yd ir 
R iv e r  ( a ) and Agnew (▼ ).
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D a y /N ig h t T e m p e ra tu re  ( ° C . )
FIGURE 5 .1 9  T e m p e ra tu re  E f f e c t  on L ig n o tu b e r  D ia m e te r 
□ f  E . c a m a ld u le n s is  D u r in g  P e r io d  o f  50 
D ays. K a t h e r i n e [□ ) ,  Lake A lb a c u ty a  (o ) , 
G w yd ir R iv e r  [ a ) and Agnew (▼ ).
Analyses of Dry Weight Production and Lignotuber Diameter.
Means and standard errors for each of the separate dry weight 
measurements, the derived leaf/stem weight and root/shoot weight 
ratios, and lignotuber diameters, shown in Figures 5.13 to 5.19, 
are given in Appendix 4.
These data were analysed and the least significant 
difference values at 5 percent level of probability are also given 
in Appendix 4. A summary of the significance of differences between 
provenance means at each temperature is given in Table 5.9.
In almost all the dry weight parameters measured at the 
3 temperatures, there were significant differences (p = 0.05) between 
Katherine and Agnew provenances, and these 2 provenances differed 
significantly from Lake Albacutya and Gwydir River provenances in 
most attribute/temperature combinations. There were significant 
differences between the southern Lake Albacutya and Gwydir River, 
and these were at the 27/22°C. growing temperature. These results 
were not unexpected as the two southern provenances are from the 
Murray River system while Katherine and Agnew are from different 
river systems and widely different environments. There was strong 
indication that the 4 provenances perform very well in the medium 
temperature of 27/22°C. For each of the seven variables, a uni­
variate analysis of variance was also carried out, and the summary 
of significant results is presented in Table 5.10.
Where effects of temperatures are taken into account on 
the analysis, there were significant differences (p = 0.05) in all 
attributes except for the root : shoot weight ratio. This is despite
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th e  f a c t  th e y  a t  in d iv id u a l  te m p e ra tu re  d i f f e r  in  r o o t  : s h o o t 
w e ig h t r a t i o  between p ro v e n a n c e s . T h is  means th e re  was no c o n s is te n t  
p rovenan ce  p a t te r n  w i t h in  th e  3 te m p e ra tu re  re g im e s  (T a b le  5 . 9 ) .
TABLE 5 .9  Summary o f  S ig n i f i c a n t  R e s u lts  o f  A n a ly s is  a t  P = 0 .0 5  
f o r  D ry  W e ig h t P ro d u c t io n  and L ig n o tu b e r  D ia m e te r a t  3 
T e m p e ra tu re  R egim es.
1 = Agnew, 2 = G w yd ir R iv e r ,  3 = Lake A lb a c u ty a ,  4 = K a th e r in e
2 1 / 16°C . 2 7 /2 2 °C . 3 3 /2 8 °C .
4 3 2 1 4 3 2 1 4 3 2 1
L e a f W e igh t
1 * *  ■ * NS NS * * *  *
2 NS NS *  * NS
3 NS * NS
4
Stem W e igh t
1 * *  * NS *  * * -H-
2 NS NS *  * * NS
3 * * *
4
R oot W e igh t
1 * *  * NS *  * * *  *
2 * NS *  * * NS
3 NS * *
4
T o ta l  W e ig h t
1 * *  * NS *  * * *  *
2 NS NS *  * * NS
3 NS * *
4
1
2
3
4
1
2
3
4
1
2
3
4
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TABLE 5 .9  ( C o n t 'd . )
2 1 /1 6 °C . 2 7 /2 2 °C . 3 3 /2 8 °C .
4 3 2 1 4 3 2 1 4 3 2 1
L e a f/S te m  R a t io
*  *  * NS *  * *  *  *
NS NS *  NS *  *
NS *
R o o t/S h o o t R a t io
*  *  NS *  ■* NS *  *
*  * *  * *  NS
* * *
L ig n o tu b e r  D ia m e te r
*  NS NS *  NS NS *  NS *
*  NS *  NS *  NS
* * *
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TABLE 5 .1 0  U n iv a r ia te  A n a ly s is  o f  V a r ia n c e  f o r  D ry  W e igh t
P ro d u c t io n  and L ig n o tu b e r  D ia m e te r o f  E . c a m a ld u le n s is
a t  3 T e m p e ra tu re  R eg im es.
S ource DF Mean Square V a r ia n c e
R a t io S ig  .5°/o
L e a f W e ig h t (gm)
P rovenance 3 4 2 .7 4 14.61 *
T em pera tu re 2 1 1 4 .BP . 3 9 .2 3
P ro v . x T emp. 6 3 .9 5  . _ 1 .35
Stem W e ig h t (gm)
P rovenance 3 1 0 4 .2C 6 4 .4 8 -K-
T e m p e ra tu re 2 6 6 .9 4 2 9 .8 6
P ro v . x Temp. 6 7 .1 5 3 .1 9
R oot W e ig h t (gm)
P rovenance 3 4 .7 4 2 0 .6 5 *
T em p e ra tu re 2 3 .41 14 .85
P ro v . x T emp. 6 0 .8 6 3 .7 5
T o ta l  W e ig h t (gm)
P rovenance 3 3 3 5 .7 0 2 6 .8 7 *
T em pera tu re 2 4 2 4 .5 4 3 3 .9 8
P ro v . x Temp. 6 2 7 .8 9 . 2 .2 3
L e a f/S te m  R a t io
P rovenance 3 7 .9 1  . 2 0 .1 4 *
T e m pera tu re 2 9 .1 8 2 3 .3 5
P ro v . x T emp. 6 4 .3 4  . 11 .04
R o o t/S h o o t R a t io
P rovenance 3 □ .□G „ 5 .2 3 NS
T em pera tu re 2 0 .0 4 2 8 .0 6
P ro v . x Temp. 6 o .o c r 1 .53
L ig n o tu b e r  D ia m e te r (mm)
P rovenance 3 2 .0 1 60 .71 *
T em pera tu re 2 G .19 5 .9 7
P ro v . x Temp. 6 0 .0 9  . 2 .9 5
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IV .  C o r r e la t io n  o f  14 L e a f and D ry  W e ig h t C h a r a c t e r is t ic s .
In  a f i n a l  a n a ly s is  o f  e x p e r im e n ta l d a ta ,  a m a t r ix  o f  
c o r r e la t io n  c o e f f i c ie n t s  was drawn up show ing  in t e r - r e la t i o n s h ip s  
between 14 s e e d lin g  c h a r a c t e r i s t i c s  in c lu d in g  le a f  s iz e ,  and t h ic k ­
n e s s , l ig n o tu b e r  d ia m e te r ,  l e a f  b a s a l a n g le ,  and l e a f ,  s tem  and r o o t  
w e ig h ts  (T a b le  5 . 1 1 ) .  F o r th e  s p e c ie s  as a w h o le , s e e d lin g  stem  
w e ig h t was h ig h ly  c o r r e la te d  w ith  le a f  w e ig h t and r o o t  w e ig h t 
( c o r r e la t io n  c o e f f i c i e n t  □ • 8 ) ,  and w e a k ly  c o r r e la te d  w ith  l e a f  b a s a l 
a n g le ,  l ig n o tu b e r  d ia m e te r ,  l e a f  th ic k n e s s  and l e a f  s iz e  ( c o r r e la t io n  
c o e f f i c ie n t s  0 .1  to  0 . 3 ) .  L e a f w e ig h t was s l i g h t l y  more c o r r e la te d  
w ith  stem  w e ig h t ( c o r r e la t io n  c o e f f i c i e n t  0 .9 0 5 )  th a n  w ith  r o o t  
w e ig h t ( c o r r e la t io n  c o e f f i c i e n t  0 .8 0 9 ) .  T he re  was a ls o  a s t ro n g  
c o r r e la t io n  between mean le a f  le n g th  and mean l e a f  b re a d th  ( c o r ­
r e la t i o n  c o e f f i c i e n t  6 ) .
The c o n t r ib u t io n  o f  a l l  th e  c h a r a c t e r i s t i c s  to  t o t a l  v a r ia t io n  
w i th in  s e e d lin g  p ro g e n ie s  i s  show n, f o r  a l l  s e e d lin g  in v o lv e d  in  th e  
in v e s t ig a t io n ,  in  T a b le  5 . 1 2 .  Bo th  stem  w e ig h t and l e a f  w e ig h t 
a re  fo u n d  to  be th e  m ain d is c r im in a t o r s .  F o r  th e  s p e c ie s  as a 
w h o le , th e  stem  w e ig h t and th e  l e a f  w e ig h t a cco u n te d  f o r  more th a n  
70 p e rc e n t o f  t o t a l  o b se rv e d  v a r ia t io n  -  each c o n t r ib u t in g  a b o u t 35
p e rc e n t
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5 .4  D is c u s s io n
Summary o f  F in d in g s
The m ain f in d in g s  r e le v a n t  to  th e  p re s e n t  o b je c t iv e s  w ere :
1 . F o r  a l l  te m p e ra tu re  re g im e s  and p ro v e n a n c e s , th e re  was a 
more o r  le s s  p ro g re s s iv e  in c re a s e  in  s e e d lin g  g ro w th  w i th  t im e .
2 .  T h e re  were marked d i f f e r e n c e s  betw een p ro ve n a n ce s  in  t h e i r  
g ro w th  re s p o n s e  to  v a r ia t io n  in  te m p e ra tu re  re g im e s . S e e d lin g s  fro m  
th e  s o u th e rn  p ro ve n a n ce s  o f  Lake A lb a c u ty a  and G w yd ir R iv e r  had 
g e n e r a l ly  g r e a te r  g ro w th  r a te s  th a n  s e e d lin g s  fro m  th e  n o r th e rn  
p ro ve n a n ce s  o f  K a th e r in e  and Agnew.
3 .  The m ain d is c r im in a to r s  f o r  E u c a ly p tu s  c a m a ld u le n s is
as a w h o le , a re  s e e d lin g  h e ig h t ,  l e a f  and stem  d r y  w e ig h ts ,  t h a t  i s ,  
th e s e  a t t r i b u t e s  c o n t r ib u te  more to  t o t a l  v a r ia t io n  in  s e e d lin g s
, th a n  o th e r  a t t r i b u t e s .  Where p a ra m e te rs  a re  c o n s id e re d  
in d e p e n d e n t ly ,  th e  number o f  in te rn o d e s  on th e  stem  c o n t r ib u te d  
m ost to  t o t a l  s e e d lin g  v a r ia t io n  in  s o u th e rn  p ro v e n a n c e s , w h i le  f o r  
th e  n o r th e rn  p ro ve n a n ce s , th e  s e e d lin g  h e ig h t  c o n t r ib u te d  m ost to  
s e e d l in g  v a r i a t i o n .  T here  i s  much g r e a te r  v a r ia t io n  in  s e e d lin g  
h e ig h t  in  n o r th e rn  p rovenan ce  th a n  in  th e  s o u th e rn  p ro v e n a n c e .
4 .  L e a f s iz e  ( le n g th  and b re a d th )  d e c re a se s  w ith  in c r e a s in g  
te m p e ra tu re ,  b u t  th e re  a re  no c o n s is te n t  and s i g n i f i c a n t  d i f f e r e n c e s  
betw een p ro ve n a n ce s  on t h i s  a t t r i b u t e .
5 .  L e a f shape i s  n o t  a f fe c te d  by te m p e ra tu re ;  th e  l e a f  le n g th  : 
le a f  b re a d th  r a t i o  i s  s i g n i f i c a n t l y  s m a l le r  f o r  Lake A lb a c u ty a  and 
Agnew p ro ve n a n ce s  th a n  K a th e r in e  and G w y d ir  R iv e r  p ro v e n a n c e s .
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5 . S e e d lin g s  grown a t  lo w e r  te m p e ra tu re s  have s i g n i f i c a n t l y
t h i c k e r  le a v e s .  Lake A lb a c u ty a  and Agnew s e e d lin g s  have t h ic k e r  
le a v e s  th a n  K a th e r in e  and G w y d ir R iv e r  s e e d l in g s .
7 .  K a th e r in e  s e e d lin g s  have th e  s m a l le s t  le a f  b a s a l a n g le ,  
and Lake A lb a c u ty a  th e  g r e a te s t ;  G w yd ir R iv e r  and Agnew a re  i n t e r ­
m e d ia te .
8 .  I n  te rm  o f  d r y  w e ig h t  p r o d u c t io n ,  g r e a te r  d r y  w e ig h t o f  
l e a f ,  s tem  and t o t a l  d r y  w e ig h t  w ere re c o rd e d  a t  th e  medium te m pe ra ­
tu r e  ( 2 7 /2 2 ° C .)  f o r  a l l  th e  4 p ro v e n a n c e s . The n o r th e rn  (K a th e r in e )  
p ro ve n a n ce  i s  in te r m e d ia te  between th e  Agnew p rovenan ce  and th e  two 
s o u th e rn  p ro ve n a n ce s  o f  Lake A lb a c u ty a  and G w yd ir R iv e r .
9 .  L e a f w e ig h t : stem  w e ig h t and r o o t  w e ig h t : s h o o t w e ig h t 
r a t i o s  w ere  la r g e ly  u n a f fe c te d  by te m p e ra tu re .
10. T h e re  was a n o ta b le  d i f f e r e n c e  between p rovenan ce  in  
l ig n o t u b e r  p r o d u c t io n ,  l ig n o t u b e r  o c c u rre n c e  d e c re a se s  fro m  n o r th  
to  s o u th .  T e m p e ra tu re  a ls o  in d u c e s  l ig n o tu b e r  p ro d u c t io n  f o r  th e  
in te r m e d ia te  p ro ve n a n ce s  o f  Agnew and G w y d ir R iv e r .
D is c u s s io n  o f  F in d in g s
C o n s id e ra b le  d i f f e r e n c e s  e x is t  between f o r e s t  t r e e s  in  th e  
way th e y  r e a c t  to  a ra n g e  o f  g ro w in g  te m p e ra tu re  re g im e s  (H e llm e rs  
1962, S c u r f ie ld  1 9 6 1 ). F o r  many e u c a ly p ts  th e  optim um  p h y to t ro n  
g ro w in g  te m p e ra tu re  seems to  be in  th e  ra n g e  2 4 /1 9 °  ( d a y /n ig h t )  to  
3 0 /2 5 °C . E ld r id g e  (1 9 6 8 ) f o r  exam ple fo u n d  th e  optim um  te m p e ra tu re  
f o r  s e e d l in g  h e ig h t  g ro w th  o f  E . re g n a n s  was c lo s e  to  2 7 /2 2 °C . a t  
th e  f iv e - s e v e n  le a f  s ta g e ,  and Green (1 9 6 7 ) e s ta b l is h e d  t h a t  th e
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optim um  te m p e ra tu re  f o r  s e e d lin g  h e ig h t  g ro w th  o f  E . p a u c i f lo r a  
was betw een 2 4 /1 9 °  and 3 0 /2 5 °C . In  t h i s  p re s e n t s tu d y  th e  optim um  
te m p e ra tu re  f o r  h e ig h t  g ro w th  was c o n s is t e n t ly  2 7 /2 2 DC. -  where 3 
te m p e ra tu re  re g im e s  were exam ined (2 1 /1 6 ° ,  2 7 /2 2 °  and 3 3 /2 8 ° C . ) .  
S im i l a r l y ,  optim um  te m p e ra tu re  f o r  d r y  w e ig h t p ro d u c t io n  was 2 7 /2 2 °C . -  
a g a in  f o r  a l l  4 p ro v e n a n c e s .
W ith in  E . c a m a ld u le n s is , some m arked d i f f e r e n c e s  in  s e e d lin g  
d e ve lo p m e n t have been shown to  be a s s o c ia te d  w i th  d i f f e r e n c e s  in  
p ro v e n a n c e .
W h ile  some a t te m p t  w i l l  be made to  i n t e r p r e t  th e s e  d i f ­
fe re n c e s  in  te rm s  o f  e n v iro n m e n ta l s e le c t io n ,  t h i s  m ust be re g a rd e d  
as t e n t a t i v e  o n ly  because so fe w  p ro ve n a n ce s  a re  in v o lv e d ,  and th e r e  
i s  no g u a ra n te e  th e s e  re s p o n se s  r e f l e c t  a d a p ta t io n  to  s p e c i f i c  
e n v iro n m e n ta l c o n d i t io n s .  M o re o ve r, th e  p h y to t ro n  i s  an a r t i f i c i a l  
e n v iro n m e n t, c l im a te  can v a ry  in  many w ays, -  and so can f a c t o r s  w h ich  
may be c r i t i c a l  in  n a t u r a l  s e le c t io n .  Where one f a c t o r  i s  v a r ie d ,  
and o th e r s  a re  h e ld  c o n s ta n t ,  i t  may be m is le a d in g  to  draw  d e f i n i t i v e  
c o n c lu s io n s  fro m  th e  r e s u l t s .  O n ly  where th e re  i s  a c o n s is te n t  
p a t te r n  in  i n t e r p r e t a t io n  o f  d a ta  fro m  e x p e r im e n t to  e x p e r im e n t can 
a re a s o n a b le  d e g re e  o f  c o n f id e n c e  be p la c e d  in  in t e r p r e t a t io n  o f  
e n v iro n m e n ta l s e le c t io n .
The g ro w th  o f  s e e d lin g s  fro m  th e  s o u th e rn  p rovenan ces  
o f  Lake A lb a c u ty a  and G w y d ir R iv e r  was g e n e r a l ly  g r e a te r  th a n  t h a t  o f  
s e e d lin g s  fro m  th e  n o r th e rn  p rovenan ces  o f  K a th e r in e  and Agnew.
The d i f f e r e n c e s  betw een Agnew s e e d lin g s  and th e  s o u th e rn  p rovenan ce  
s e e d lin g s  were p a r t i c u l a r l y  m arked, and t h i s  a p p l ie s  b o th  to  h e ig h t
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growth and dry weight production. If the growth of these 4 lots 
of seedlings can be accepted as representative of the growth 
characteristics of seedlings from the more extreme parts of the 
species climatic range, then it might be inferred that progenies from 
hot dry regions of the range tend to be inherently slower growing 
than seedlings from that part of the range with a somewhat more 
moderate and uniform climate. It might further be inferred that 
inherent vigour has played a more important part in natural selection 
in the south than in the north. That is, many physiological factors 
other than inherent vigour are important in survival and competitive 
ability under conditions of more extreme environmental stress.
Such an hypothesis would receive additional support from a 
number of other growth characteristics. For example, the 2 southern 
provenances (Lake Albacutya and Gwydir River) tended to be similar 
in the number of leaves on stem, number of branches, and leaf pro­
duction on seedling branches, while the northern provenance seedlings 
differed consistently from the southern provenance seedlings in 
these respects. The smaller number of branches on northern 
provenance seedlings and the smaller production of branch leaves, 
for example, were out of all proportion to the differences between 
the provenances in seedling height or dry weight production. It 
might be inferred from this that there has been selection of in­
dividuals in more extreme environments which have been able to 
grow effectively while producing less transpiring branch and leaf 
surface area. This concept might also be drawn from the correlation 
analysis. In the two southern provenances, seedling height
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growth is better correlated with branch and branch-leaf production 
than in the northern provenances. That is, there is a tendency 
for seedling branch and leaf production to be more independent of 
height growth in the northern provenance seedlings, - suggesting a 
possible positive natural selection of individuals having fewer 
branches and leaves. Height growth was a particularly variable 
feature in the Katherine provenance. Here, variation in height 
growth accounted for 92% of total observed variation - while for the 
other provenances, the number of internodes accounted for a large 
part of the total observed variation.
While there were possibly meaningful difference between 
the northern and southern provenance seedlings in height, branch and 
branch leaf characteristics, there was surprisingly little consistent 
difference between the northern and southern provenances in leaf 
morphology. While there were significant differences between 
individual provenances in leaf size, length, breadth, shape and 
thickness, there was no apparent relationship between these character­
istics and environmental conditions associated with the provenance.
The development of lignotubers may be another characteristic 
indicating selection of individuals with a greater survival potential 
under harsh environmental conditions. Katherine provenance produced 
by far the greatest number of lignotuberous seedlings. The result 
of lignotuber occurrence [in percentage of seedling progenies) 
indicated that 72% of Katherine seedlings produced lignotubers while 
no lignotuber was recorded on any seedling from the most southern 
provenance of Lake Albacutya. From Gwydir River and Agnew provenances 
only 20% of the seedlings developed lignotubers.
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In conclusion temperature, as one of the environmental 
factors affecting tree growth, has significant effects on the 
survival values of E. camaldulensis and the optimum for many of 
seedling growth characteristics and dry weight productions was the 
medium temperatures of 27/22°C. There were strong indications of 
provenance variation in E. camaldulensis. Two major provenances 
of northern and southern origins were recognised.
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CHAPTER 6
PHÜTÜPERIÜD
6.1 Introduction
The response in growth and development exhibited by plants 
in relation to the length of the daily light period has been des­
cribed by Pauley and Perry (1954) as photoperiodism. Most earlier 
investigations of photoperiodism centered on the flowering response 
of various herbaceous plant species. The pioneering work on photo­
periodism was carried out by Garner and Allard (1920). These 
workers observed that Mary Mammoth tobacco, which normally does 
not flower in the field during the summer season at latitude 39°N 
did flower profusely when grown in a greenhouse in Washington during 
the winter. It was thought that the short photoperiods of winter 
favoured flowering of the variety. Subsequent confirmation of this 
opinion was made through the use of carefully controlled experiments 
by Garner and Allard and numerous other workers.
Because of its ecological importance and especially in 
relation to forestry practice, the study of daylength effects on 
woody species began in the late 1920*s. Photoperiodic studies of 
woody plants inevitably involve seedlings only, and consequently 
little is known of the influence of photoperiod on reproduction 
(Pauley and Perry 1954). This opinion was supported by Wareing 
(1956) when he noted that vegetative effects can be conveniently 
studied in seedling trees. Ecotypic differentiation in forest tree
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s p e c ie s  w i th  re s p e c t  to  p h o to p e r io d ic  re sp o n s e  i s  known to  be c o r ­
r e la te d  w ith  d i f f e r e n c e s  in  th e  day le n g th  c o n d i t io n s  o c c u r r in g  o v e r  
th e  n a tu r a l  g e o g ra p h ic  d i s t r i b u t i o n  o f  th e  s p e c ie s .  E c o ty p ic  
v a r ia t io n  in  th e  g ro w th  re sp o n se  to  p h o to p e r io d  has been fo u n d  in  
many n o r th e rn  hem isphe re  d e c id u o u s  t r e e s  -  n o r th  o f  4 0 ° l a t i t u d e ,  
(V a a r ta ja  1 9 5 9 ), and th e  m ain e f f e c t  o f  p h o to p e r io d  on g ro w th  i s  th e  
c o n t r o l  o f  l e a f  f a l l  and te r m in a l  bud do rm ancy . O th e r  v e g e ta t iv e  
p ro ce sse s  in  woody s p e c ie s  w h ich  have been shown to  be a f fe c te d  by 
d a y le n g th  in c lu d e  th e  d u r a t io n  o f  e x te n s io n  g ro w th ,  in te rn o d e  ex­
te n s io n ,  le a f  g ro w th  in  c o n i f e r s ,  d u r a t io n  o f  c a m b ia l a c t i v i t y ,  t im e  
o f  bud b re a k  and seed g e rm in a t io n  (W are ing  1 9 5 6 ). Among s p e c ie s  
re s p o n d in g  to  p h o to p e r io d ic  t r e a tm e n ts ,  th e re  a p p e a rs  to  be no 
e x c e p tio n  to  th e  r u le  t h a t  dorm ancy i s  h a s te n e d  by s h o r td a y s  and 
d e la y e d  by lo n g  d a y s . W ork ing  in  B os ton  U .S .A . on p o p la rs  s e e d lin g s ,  
P a u le y  and P e r ry  (1954 ) fo u n d  t h a t  th e  more n o r th e rn  s o u rc e s  ceased 
g ro w th  b e fo re  w in te r  w h i le  th o s e  fro m  w arm er c l im a te s  c o n t in u e d  to  
g row  u n t i l  k i l l e d  by th e  f i r s t  f r o s t .  They a ls o  e s ta b l is h e d  t h a t  
th e  c o ld e r  th e  seed s o u rc e  r e g io n ,  th e  g r e a te r  th e  p rovenan ce  v a r ia t io n  
in  re sp o n se  to  p h o to p e r io d s .
W ith in  th e  t r o p i c a l  and s u b t r o p ic a l  r e g io n s  o f  th e  w o r ld , 
th e re  i s  l i t t l e  change in  th e  le n g th  o f  th e  d a y l ig h t  p e r io d  th ro u g h o u t 
th e  y e a r ,  b u t  o u ts id e  th e s e  r e g io n s ,  m arked s e a s o n a l d i f f e r e n c e s  
o c c u r  (P a u le y  and P e r ry  1 9 5 4 ). In  lo w  la t i t u d e s  o f  N ig e r ia ,
N jo ku  (1963 , 1964) o b se rve d  t h a t  th e re  was a m arked a n n u a l p e r i o d i c i t y  
in  le a f  p ro d u c t io n ,  l e a f  f a l l  and v e g e ta t iv e  bud dorm ancy in  a
number o f  r a in f o r e s t  t r e e  s p e c ie s .
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In  A u s t r a l ia ,  p h o to p e r io d ic  b e h a v io u r  o f  e u c a ly p ts  has 
re c e iv e d  l i t t l e  a t t e n t io n .  V e ry  r e c e n t ly ,  Green (1 9 6 7 ) in  h is  s tu d y  
o f  a l t i t u d i n a l  v a r ia t io n  in  E . p a u c i f lo r a  fo u n d  t h a t  th e re  was no 
e v id e n c e  o f  d i f f e r e n t i a l  re sp o n se  to  p h o to p e r io d  among a l t i t u d i n a l  
p ro g e n ie s  in  te rm s  o f  h e ig h t  g ro w th ,  b u t  th e re  was an in d ic a t io n  
o f  p h o to p e r io d ic  in f lu e n c e  on l e a f  shape o f  th e  s p e c ie s .  When 
E ld r id g e  (1 9 6 9 ) g rew  E . re g n a n s  u n d e r lo n g  and s h o r t  days a t  a 
s e r ie s  o f  day and n ig h t  te m p e ra tu re s ,  he d e m o n s tra te d  la r g e  v a r i ­
a t io n  between t re a tm e n ts  f o r  h e ig h t ,  h e ig h t  in c re m e n t,  and r e l a t i v e  
g ro w th  r a t e  in  h e ig h t .  He a ls o  e s ta b l is h e d  t h a t  s e e d lin g s  o f  
E . regnans  fro m  h ig h e r  a l t i t u d e  had a g r e a te r  re sp o n se  to  p h o to p e r io d  
than  th e  lo w e r  a l t i t u d e  s e e d lin g s  in  b o th  g ro w th  r a t e  and f r o s t  
damage.
In  t h i s  p re s e n t  s tu d y ,  p h o to p e r io d  b e h a v io u r  o f  E u c a ly p tu s  
c a m a ld u le n s is  s e e d lin g s  fro m  th re e  d i f f e r e n t  l a t i t u d e s  in  A u s t r a l ia  
(1 4 ° , 23 ° and 35 °S ) -  K a th e r in e ,  Todd R iv e r  and Lake A lb a c u ty a , 
has been s tu d ie d  in  th e  CSIRÜ p h y to t r o n .
6 .2  M a te r ia ls  and M ethods
S e e d lo ts  o f  E . c a m a ld u le n s is  fro m  th re e  p rovenan ces  -  
K a th e r in e ,  Todd R iv e r  and Lake A lb a c u ty a  -  were used f o r  t h i s  
in v e s t ig a t io n  (T a b le  4 . 1 ) .  F o r each p ro ve n a n ce  seed c o l le c te d  fro m  
f i v e  t r e e s  were th o ro u g h ly  m ixed and a sam ple  o f  th e  m ixed s e e d lo ts  
was used to  r a is e  s e e d lin g s  in  th e  CSIRÜ p h y to t r o n .  Ten b e s t s e e d lin g s  
were o b ta in e d  fro m  each p ro v e n a n c e . The s e e d lin g s  were r a is e d  in  
p la s t i c  p o ts  c o n ta in in g  a m ix tu re  o f  e q u a l q u a n t i t y  o f  p e r l i t e  and
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V e r m ic u l i t e  in  a g la s s h o u s e  a t  th e  p h y to t ro n  r e g u la te d  a t  a day 
and n ig h t  te m p e ra tu re  o f  2 7 /2 2 °C . A t 4 - le a f  p a i r  s ta g e ,  th e  seed­
l in g s  were re d u ce d  to  one b e s t s e e d l in g  p e r  p o t  and t r a n s fe r r e d  to  
3 d i f f e r e n t  p h o to p e r io d  t r e a tm e n ts .  T re a tm e n ts  were a p p lie d  to  
th e  s e e d lin g s  in  "C " g ro w th  c a b in e ts  (M orse and Evans 1 9 6 2 ), u n d e r 
a te m p e ra tu re  re g im e  o f  2 1 /1 6 °C . The th re e  p h o to p e r io d  re g im e s  
em ployed f o r  t h i s  in v e s t ig a t io n  w ere as f o l lo w s :
T re a tm e n ts D a y l ig h t
(h o u rs )
In c a n d e s c e n t l i g h t  
(h o u rs )
D arkness
(h o u rs )
1 8 2 14
2 8 4 12
3 8 6 16
The in c a n d e s c e n t l i g h t  was a t  le a s t  5 0  f c  a t  p la n t  h e ig h t .  
The mean a i r  te m p e ra tu re s  in  th e  g ro w th  c a b in e s t  w ere c o n t r o l le d  to  
w i t h in  + 0 .5 ° C . W a te r in g  was done tw ic e  d a i l y  a t  8 .3 0  am and 
4 .0 0  pm. In  th e  m o rn in g  m o d if ie d  * H oag land* s o lu t io n  (A p p e n d ix  1) 
was used to  w a te r  th e  p la n ts  w h i le  ta p  w a te r  was used in  th e  a f t e r ­
noon .
The f o l lo w in g  g ro w th  c h a r a c t e r i s t i c s  w ere measured e v e ry
te n  d a ys :
S e e d lin g  h e ig h t ,
B a s a l s tem  d ia m e te r ,
Number o f  le a v e s  on s tem ,
Number o f  le a v e s  on b ra n c h e s ,
Number o f  b ra n c h e s ,
Number o f  in te r n o d e s .
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A t th e  t im e  o f  h a r v e s t in g ,  th e  t o t a l  l e a f  a re a  f o r  each 
s e e d lin g  was d e te rm in e d  by u s in g  an "A u to m a tic  A rea  M e te r " .  The 
le a v e s ,  stem  and ro o ts  were h a rv e s te d  and k e p t s e p a ra te .  The oven 
d ry  w e ig h t o f  each s e e d lin g  was d e te rm in e d  by w e ig h in g  th e  d r ie d  
m a tte r  a t  room te m p e ra tu re .
6 .3  R e s u lts
G ra p h ic a l P re s e n ta t io n  o f  G row th Responses o f  th e  T h ree
P rovenances to  V a r ia t io n  in  P h o to p e r io d s .
The p ro g re s s iv e  g ro w th  re sp o n se s  w ith  t im e ,  o f  th e  th re e  
p rovenan ces  o f  E . c a m a ld u le n s is  g ro w in g  u n d e r d i f f e r e n t  p h o to p e r io d  
re g im e s  a re  g r a p h ic a l ly  re p re s e n te d  in  F ig u re s  6 .1  to  6 .7  as f o l lo w s :
F ig u re s  6 .1  S e e d lin g  H e ig h t
6 .2  B a sa l D ia m e te r
6 .3  Leaves on Stem
6 .4  Leaves on B ranches
6 .5  Number o f  B ranches
6 .6  Number o f  In te m o d e s  on Stem
6 .7  Response o f  th e  P rovenances a t  day 5 0 , to
th e  3 P h o to p e r io d  R egim es.
A f t e r  a s lo w e r  ‘ e s ta b lis h m e n t*  p e r io d  (10  -  20 d a y s ) ,  
th e re  was a more o r  le s s  s t r a i g h t  l i n e  r e la t io n s h ip  between seed­
l i n g  h e ig h t  and t im e .  The g r e a te s t  s e e d lin g  h e ig h t  g ro w th  was 
re c o rd e d  a t  14 h o u rs  f o r  a l l  p ro v e n a n c e s . The ra n g e  o f  p ro ve n a n ce  
means was 63 -  69 cm a t  10 h o u rs , 70 -  79 cm a t  12 h o u rs  and 77 -  99 cm
a t  14 h o u rs
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The mean s e e d lin g  h e ig h ts  f o r  each o f  th e  th re e  p ro ve n a n ce s  
w ere c lo s e ly  s im i l a r  a t  th e  1 0 -h o u r t r e a tm e n t ,  b u t  were te n d in g  to  
s e p a ra te  w i th  t im e .  A l t e r n a t i v e l y ,  a t  12 and 14 h o u rs , th e  
p ro ve n a n ce s  w ere w id e ly  s e p a ra te d  fro m  a b o u t 30 d a y s , and in  th e  
o r d e r :
Todd R iv e r  ( C e n t r a l  A u s t r a l ia )  -  g r e a te r  h e ig h t  g ro w th
Lake A lb a c u ty a  (S o u th e rn  A u s t r a l ia )
K a th e r in e  (N o r th e rn  A u s t r a l ia )  -  le a s t  h e ig h t  g ro w th .
A t  14 h o u rs  and 50 d a y s , Todd R iv e r  mean h e ig h t  was 9 9 .3 5  cm,
and K a th e r in e  7 7 .3 5  cm, w i th  Lake A lb a c u ty a  in te r m e d ia te  o f  8 8 .7 5  cm.
The g ro w th  in  b a s a l d ia m e te r  was s im i l a r  to  t h a t  o f  h e ig h t  
g ro w th  in  t h a t  th e  Todd R iv e r  p ro ve n a n ce  had th e  g r e a te s t  b a s a l 
d ia m e te r ,  and K a th e r in e  th e  le a s t ,  -  a t  th e  12- and 1 4 -h o u r 
t r e a tm e n ts .  B u t u n l ik e  th e  h e ig h t  g ro w th ,  th e re  was no marked 
re s p o n s e  in  b a s a l d ia m e te r  to  in c r e a s in g  p h o to p e r io d .  T h e re fo re ,  
th e r e  i s  some change in  s e e d lin g  fo rm  w ith  in c r e a s in g  p h o to p e r io d ,  
t h a t  i s  in  re s p o n d in g  in  h e ig h t ,  th e  s e e d lin g s  a re  becom ing more 
s p in d ly .
The mean num ber o f  le a v e s  on th e  stem  i s  g e n e r a l ly  s im i l a r  
f o r  th e  3 p ro v e n a n c e s  -  t h a t  i s ,  th e re  i s  no m arked s e p a ra t io n  o f  
th e  p ro ve n a n ce s  g r a p h ic a l l y  -  a t  any p h o to p e r io d . P h o to p e r io d  has 
l i t t l e  e f f e c t  on t h i s  g ro w th  p a ra m e te r , a lth o u g h  i t  may in c re a s e  
s l i g h t l y  w i t h  p h o to p e r io d .  S e e d lin g  h e ig h t  i s  th e  o n ly  g ro w th  
p a ra m e te r  f o r  w h ich  th e r e  i s  a s t ro n g  and d i r e c t  r e la t io n s h ip  between
p h o to p e r io d  and g ro w th .
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T here  i s  a la r g e  d i f f e r e n c e  between p ro ve n a n ce s  in  th e  
number o f  le a v e s  on b ra n ch e s  a t  10 and 12 h o u rs ,  b u t  n o t  a t  14 h o u rs .  
The Todd R iv e r  p ro ve n a n ce  had th e  g r e a te s t  num ber o f  le a v e s  on 
b ranches  a t  a l l  p h o to p e r io d s ,  and th e  n o r th e rn m o s t (K a th e r in e )  
p rovenance  th e  le a s t .  Number o f  le a v e s  on b ra n ch e s  o f  Todd R iv e r  
s e e d lin g s  d ropped  s h a r p ly  fro m  38 a t  12 h o u rs  to  25 a t  14 h o u rs .  
A l t e r n a t i v e l y ,  num ber o f  le a v e s  on b ra n ch e s  w ere s im i l a r  a t  12- and 
1 4 -h o u r t re a tm e n ts  f o r  Lake A lb a c u ty a  and K a th e r in e ,  t h a t  i s  a b o u t 
2 0 .
The p ro ve n a n ce s  d i f f e r e d  in  th e  way th e y  responde d  to  
p h o to p e r io d  in  num ber o f  b ra n c h e s . Todd R iv e r  s e e d lin g s  p roduced  
r e l a t i v e l y  la r g e  num bers o f  b ra n ch e s  a t  th e  10 - and 1 2 -h o u r t r e a t ­
ments (33 and 38 p e r  s e e d l in g )  r e s p e c t iv e ly ,  b u t  o n ly  25 a t  14 h o u rs .  
A l t e r n a t i v e l y ,  K a th e r in e  and Lake A lb a c u ty a  s e e d lin g s  had fe w e r  
le a v e s  on b ra n c h e s , b u t  th e  number in c re a s e d  w ith  p h o to p e r io d  -  
w ith  a maximum a t  14 h o u rs .
T h e re  was no c o n s is te n t  s e p a ra t io n  o f  p ro ve n a n ce s  in  
number o f  in te rn o d e s ;  th e  num ber o f  in te rn o d e s  was g r e a te r  a t  12 
h o u rs  than  a t  10 h o u rs ,  and th e  number a t  14 h o u rs  c o u ld  be s l i g h t l y  
g r e a te r  th a n  a t  12 h o u rs .
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FIGURE 6 .1  P rovenance V a r ia t io n  in  th e  Response to  P h o to p e r io d
o f  S e e d lin g  H e ig h t o f  E . c a m a ld u le n s is . K a th e r in e  [ □ ) ,  
Todd R iv e r  [ a ) and Lake A lb a c u ty a  [ o j .
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FIGURE 6 .2  P rovenance V a r ia t io n  in  th e  Response to  P h o to p e r io d  
o f  S e e d lin g  B a sa l D ia m e te r o f  E . c a m a ld u le n s is . 
K a th e r in e  (□ ) ,  Todd R iv e r  (a ) and Lake A lb a c u ty a  ( o ) .
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FIGURE 6 .3  P rovenance V a r ia t io n  in  th e  Response to  P h o to p e r io d
o f  Number o f  Leaves on S e e d lin g  Stem o f  E . c a m a ld u le n s is . 
K a th e r in e  (□ ) ,  Todd R iv e r  (a ) and Lake A lb a c u ty a  ( p j .
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FIGURE 6.4 Provenance Variation in Response to Photoperiod
of Number of Leaves on Branches of E. camaldulensis 
Seedlings. Katherine (□), Todd River (a J and 
Lake Albacutya (o) .
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FIGURE 6.5 Provenance Variation in the Response to Photoperiod 
of Number of Branches of E. camaldulensis■
Katherine (□), Todd River (a ) and Lake Albacutya (o).
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FIGURE 6.6 Provenance Variation in the Response to Photoperiod 
of Number of Internodes on Seedling Stem of 
camaldulensis. Katherine (□), Todd River (
Lake Albacutya (o).
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FIGURE 6 .7  P rovenance V a r ia t io n  in  Response o f  S e e d lin g
P ro g e n ie s  o f  E . c a m a ld u le n s is  fro m  3 P rovenances 
o f  K a th e r in e  XD)> Todd R iv e r  ( a ) and Lake 
A lb a c u ty a  (o )  to  V a r ia t io n  o f  P h o to p e r io d  a t  Day 
50 A f t e r  T ra n s fe r  to  P h o to p e r io d  T re a tm e n t.
(a )  S e e d lin g  H e ig h t
(b )  S e e d lin g  B a sa l D ia m e te r
(c )  Number o f  Leaves on Stem
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FIGURE G .7 (Hunt'd)
(d) Number of Leaves on Branches
(e) Number of Branches
(f) Number of Internodes on the Stem of Seedlings
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Analysis of Data for the Six Growth Characteristics.
Means and standard errors for each of the six measured 
parameters shown in Figures 6.1 to 6.7 are given in Tables of means 
in Appendix 5. These data were analysed and LSD values at 5% 
level of probability are given. In these Tables each value 
represents the mean of 10 seedlings for each provenance. A sum­
mary of significant results of analysis of the growth of the six at­
tributes is presented in Table 6.1.
Main Points from Table 6.1 for
Characteristics Shown to Differ in Graphical Presentation. 
Seedling Height. At 10 hours, differences between provenances 
were not significant, but most differences between individual 
provenances were significant at the 12- and 14-hour treatments.
This reflects the greater separation of the provenances with greater 
photoperiod. Todd River seedlings responded most to greater photo­
period, and Katherine seedlings the least.
Number of Branches and Number of Leaves on Branches. For both 
these parameters, differences between provenances were not sig­
nificant at 14 hours photoperiod, but there were significant dif­
ferences at 10 and 12 hours photoperiod. This reflects the 
patterns illustrated in Figure 6.7 (d) and (e), - that is, there was 
a major response of Todd River seedlings under 10 and 12 hours 
photoperiod, but there was a sharp reduction in both parameters 
under 14 hours photoperiod. The Katherine and Lake Albacutya 
seedlings did not differ significantly at 10 and 12 hours, but both 
differed significantly from Todd River seedlings - that is, Todd 
River seedlings were particularly more vigorous in branch and branch
leaf production
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Number o f  In te m o d e s . T he re  w ere no s i g n i f i c a n t  d i f f e r e n c e s  between 
p rovenan ces  in  number o f  in te rn o d e s  -  a t  any  o f  th e  3 p h o to p e r io d  
re g im e s .
F o r each o f  th e  s i x  g ro w th  c h a r a c t e r is t ic s  a u n iv a r ia t e  
a n a ly s is  o f  v a r ia n c e  was c a r r ie d  o u t .  The summary i s  p re s e n te d  in
T a b le  6 .2 .  I t  i s  q u i t e  in t e r e s t in g  to  n o te  t h a t  none o f  th e  
a t t r i b u t e s  showed any s i g n i f i c a n t  d i f f e r e n c e  f o r  p ro ve n a n ce  and 
p h o to p e r io d  in t e r a c t io n .  A n a ly s is  ta k e s  in t o  a c c o u n t re sp o n se  
a t  a l l  p h o to p e r io d s  c o l l e c t i v e l y .  Lack o f  s i g n i f i c a n t  d i f f e r e n c e s  
between p ro ve n a n ce s  means t h a t  w h i le  th e re  a re  d i f f e r e n c e s  between 
p rovenan ces  a t  in d iv id u a l  p h o to p e r io d s ,  th e  p ro ve n a n ce s  a re  n o t 
re s p o n d in g  in  a c o n s is te n t  way a t  th e  d i f f e r e n t  p h o to p e r io d s .  A 
good exam ple o f  t h i s  i s  th e  number o f  b ra n ch e s  -  where th e re  were 
marked d i f f e r e n c e s  a t  10 and 12 h o u rs , b u t  n o t  a t  14 h o u rs , because 
o f  th e  m a rk e d ly  d i f f e r e n t  r e a c t io n  o f  one p rovenan ce  (Todd R iv e r )  
a t  14 h o u rs .  T h is  a n a ly s is  c o n t r a s ts  w i th  th e  s im i la r  a n a ly s is  
f o r  te m p e ra tu re  (T a b le  5 . 3 ) .  In  th e  u n iv a r ia t e  a n a ly s is  o f  
d i f f e r e n c e s  between p ro ve n a n ce s  in  re s p e c t  to  te m p e ra tu re ,  d i f ­
fe re n c e s  between p ro ve n a n ce s  were s i g n i f i c a n t  -  t h a t  i s ,  th e re  was 
a more o r  le s s  c o n s is te n t  d i f f e r e n c e  between p ro ve n a n ce s  a t  each
o f  th e  te m p e ra tu re  re g im e s
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TABLE 6 .1  Summary o f  S ig n i f i c a n t  R e s u lts  o f  A n a ly s is  o f  th e  G row th
C h a r a c te r is t ic s  a t  day 50 in  D i f f e r e n t  P h o to p e r io d s .
1 = K a th e r in e ,  2 = Tcdd R iv e r ,  3 = Lake A lb a c u ty a
P h o to p e r io d  (h o u rs )
10 12 14
3 2 1 3 2 1 3 2 1
S e e d lin g  H e ig h t
1 NS NS NS * *  *
2 NS * *
3
B a s a l D ia m e te r
1 *  NS NS * *  -M-
2 * NS NS
3
Leaves on Stem
1 *  NS NS NS NS *
2 * NS *
3
Leaves on B ranches
1 NS * NS * NS NS
2 * * NS
3
Number o f  B ranches
1 *  * *  * NS NS
2 * * NS
3
Number o f  In te rn o d e s
1 NS NS NS NS NS NS
2 NS NS NS
3
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TABLE 6 .2  U n iv a r ia te  A n a ly s is  o f  V a r ia n c e  f o r  S e e d lin g  G row th 
C h a r a c te r is t ic s  a t  Day 50 A f t e r  T ra n s fe r  to
P h o tc p e r io d  T re a tm e n t.
S ource DF Mean Square
V a r ia n c e
R a t io S ig  ,5°/z
S e e d lin g  H e ig h t (cm)
P rovenance 2 1803.61 8 .2 4 NS
P h o to p e r io d 2 3531 .11 . 16 .14
P ro v . x P h o to p e r io d 4 195.61 . 0 .8 9
B a s a l D ia m e te r (mm)
P rovenance 2 0 .01 3 .6 7 NS
P h o to p e r io d 2 0 .0 0 . 1 .22
P ro v . x P h o to p e r io d 4 0 .0 0 1 .32
Leaves on Stem
Provenance 2 12 .1 3 1 .14 NS
P h o to p e r io d 2 4 0 .1 3 3 .7 6
P ro v . x P h o to p e r io d 4 8 .2 6 0 .7 3
Leaves on B ranches
P rovenance 2 2315 .91  . 5 .6 4 NS
P h o to p e r io d 2 276 .04 0 .6 7
P ro v . x P h o to p e r io d 4 3 4 2 .8 4 0 .8 3
Number o f  B ranches
Provenance 2 147 .07  ' 6 .9 9 NS
P h o to p e r io d 2 2 9 .4 7 1 .40
P ro v . x P h o to p e r io d 4 2 4 .8 9 1 .18
Number o f  In te rn o d e s qn Stem
Provenance 2 6 .2 1 0 .3 3 NS
P h o to p e r io d 2 3 0 .1 7 1 .60
P ro v . x P h o to p e r io d 4 6 .0 7 . 0 .3 2
146
D ry  W e igh t P ro d u c t io n  and T o ta l  L e a f A re a .
The fo l lo w in g  p a ra m e te rs  o f  d r y  w e ig h t p ro d u c t io n  were 
re c o rd e d  a t  h a rv e s t :  l e a f  d ry  w e ig h t ,  stem  d ry  w e ig h t ,  r o o t  d ry  
w e ig h t ,  and r o o t / s h o o t  r a t i o .  T o ta l  l e a f  a re a  was a ls o  m easured 
a t  h a r v e s t .  The v a r ia t io n  in  th e s e  a t t r i b u t e s  w ith  p rove n a n ce  and 
p h o to p e r io d  a t  2 1 /1 6 °C . a re  g r a p h ic a l ly  re p re s e n te d  in  F ig u re s  6 .8  (a )  
to  6 .8  ( f )  as f o l lo w s :
F ig u re s  6 .8  (a )  L e a f D ry  W e ig h t,
(b )  Stem D ry  W e ig h t,
( c )  R oot D ry  W e ig h t,
(d )  T o ta l  D ry  W e ig h t,
(e )  R o o t/S h o o t R a t io ,
( f )  T o ta l  L e a f A re a .
The otpim um  p h o to p e r io d  f o r  d r y  w e ig h t p ro d u c t io n  o f  E . 
o a m a ld u le n s is  grown a t  2 1 /1 6 °C . was 1 2 -h o u r p h o to p e r io d  f o r  a l l  3 
p ro v e n a n c e s . T h is  c o n t r a s ts  w i th  g ro w th  in  s e e d lin g  h e ig h t ,
where th e re  was a p ro g re s s iv e  in c re a s e  in  h e ig h t  w i th  in c re a s e  in
le n g th  o f  p h o to p e r io d ,  t h a t  i s  maximum h e ig h t  g ro w th  was re c o rd e d  
a t  th e  1 4 -h o u r t re a tm e n t (F ig u re  6 .7  ( a ) ) .  T h is  c o n f irm s  th e  
p o in t  made e a r l i e r  in  re s p e c t  to  g ro w th  in  b a s a l d ia m e te r ,  t h a t  
th e  1 4 -h o u r p h o to p e r io d  i s  p ro d u c in g  s p in d ly  ty p e  s e e d l in g s .
A t th e  1 2 -h o u r p h o to p e r io d ,  th e  s o u th e rn  p rovenan ce  o f  
Lake A lb a c u ty a  p roduced  g r e a te r  d ry  w e ig h t th a n  th e  o th e r s ,  b u t  
n o t m a rk e d ly  so in  te rm s  o f  t o t a l  d r y  w e ig h t  and le a f  d ry  w e ig h t .
I t  was c lo s e  to  th e  Todd R iv e r  p rovenan ce  in  stem  d ry  w e ig h t ,  and
b o th  Lake A lb a c u ty a  and Todd R iv e r  exceeded K a th e r in e  p rovenan ce
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FIGURE 6.8 Provenance Variation in the Response of Dry Weight 
Production and Leaf Size of Seedling Progenies of 
E. camaldulensis to Variation of Photoperiod at Day 
50. Katherine (□), Todd River (a ) and Lake 
Albacutya (o).
(a) Leaf Dry Weight
(b) Stem Dry Weight
(c) Root Dry Weight
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FIGURE 6.8 (Cont'd)
Katherine (□), Todd River (a ) and Lake Albacutya (o) .
fd) Total Dry Weight
(e) Root/Shoot Ratio
(f) Total Leaf Area
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in this respect. These patterns differ from those for seedling 
height growth. At day 50, Todd River had the greatest height 
growth, followed by Lake Albacutya and Katherine in that order.
This illustrates difference in form of seedlings - that is, Todd 
River seedlings had slightly less dry weight than Lake Albacutya - 
even though Todd River seedlings had greater height, greater number 
of branches and leaves on branches.
Despite differences in leaf dry weight, there was little, 
if any, difference between the provenance in leaf area at 12-hour 
photoperiod. There may be differentiation of provenances at 
10— and 14-hour photoperiods. For example, leaf area for Katherine 
and Todd River are lower at 14 hours than at 12 hours, while Lake 
Albacutya leaf area is greater at 14 hours. This may again reflect 
selection against excessive leaf area in hotter environment and 
little selection against this at cooler environment.
At the shorter (10-hour) photoperiod, E. camaldulensis 
seedlings had greater root:shoot ratios than at larger photoperiod 
(12 and 14 hours). There was a progressive decline in the root : 
shoot ratio with photoperiod. The northernmost (Katherine) 
provenance seedlings had the greatest root:shoot ratio at all photo­
periods, and the southernmost (Lake Albacutya) provenance the least. 
This again may represent selective adaptation to more extreme 
environmental conditions. The seedling producing more root growth 
in relation to shoot growth may be better able to withstand 
temperature extremes and more extended dry periods.
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A n a ly s is  o f  D ata  f o r  D ry W e ig h t P ro d u c t io n  and T o ta l  L e a f A re a .
Means and s ta n d a rd  e r r o r s  f o r  each o f  th e  s i x  p a ra m e te rs  
shown in  F ig u re s  6 .8  (a )  to  6 .8  ( f ) ,  a re  g iv e n  in  T a b le s  o f  Means 
in  A p p e n d ix  6 .  These d a ta  were a n a ly s e d  and LSD v a lu e s  (P = G .Jc ) 
a re  g iv e n .  A summary o f  th e  s ig n i f ic a n c e  o f  d i f f e r e n c e s  between 
in d iv id u a l  means, drawn fro m  A p p e n d ix  6 i s  g iv e n  in  T a b le  6 .3 .
The m ain p o in ts  fro m  th e  a n a ly s is  a re  now d is c u s s e d .
L e a f D ry  W e ig h t. A t 10 and 14 h o u rs , th e re  w ere s i g n i f i c a n t  
d i f f e r e n c e s  between p ro ve n a n ce s  b u t m ost d i f f e r e n c e s  between 
in d iv id u a l  p rovenan ces  were n o t  s i g n i f i c a n t  a t  th e  1 2 -h o u r t r e a tm e n t .  
T h is  may in d ic a te  l i t t l e  s e p a ra t io n  o f  th e  p ro ve n a n ce s  w ith  in c re a s e  
in  p h o to p e r io d .
R oo t D ry  W e ig h t. K a th e r in e  and Lake A lb a c u ty a  p rovenan ces  d id  n o t  
d i f f e r  s i g n i f i c a n t l y  in  t h i s  a t t r i b u t e  a t  any p h o to p e r io d .  Between 
th e  c e n t r a l  (Todd R iv e r )  and s o u th e rn  (Lake  A lb a c u ty a )  p ro ve n a n ce s , 
th e re  w ere s i g n i f i c a n t  d i f f e r e n c e s  a t  10 and 14 h o u rs .
L e a f A re a . In  a l l  p h o to p e r io d s  e x c e p t a t  14 h o u rs  th e re  were no 
s i g n i f i c a n t  d i f f e r e n c e s  betw een th e  n o r th e rn  (K a th e r in e )  and th e  
s o u th e rn  (Lake  A lb a c u ty a )  p ro v e n a n c e s . T h is  may c o n f irm  a 
s e le c t io n  a g a in s t  e x c e s s iv e  l e a f  s iz e  in  h o t t e r  e n v iro n m e n t.
R o o t/S h o o t R a t io . T he re  were s i g n i f i c a n t  d i f f e r e n c e s  between 
p ro ve n a n ce s  in  a l l  p h o to p e r io d s .  T h is  r e f l e c t s  a s t ro n g  s e p a ra t io n  
o f  th e  p ro ve n a n ce s  w ith  p h o to p e r io d .  The K a th e r in e  p rovenan ce  
responde d  m ost to  a l l  th e  p h o to p e r io d s ,  and Lake A lb a c u ty a ,  th e  le a s t .
A summary o f  th e  u n iv a r ia t e  a n a ly s is  o f  v a r ia n c e ,  c a r r ie d  
o u t  f o r  th e  d ry  w e ig h t p ro d u c t io n  and le a f  a re a , i s  p re s e n te d  in
151
T a b le  6 .4 .  L ik e  th e  r e s u l t s  f o r  th e  g ro w th  a n a ly s is  in  T a b le  6 .2 ,  
th e re  were no s i g n i f i c a n t  d i f f e r e n c e s  (P = 0 .0 5 )  between 
p rovenan ces  f o r  any  o f  th e  a t t r i b u t e s .
Lack o f  s i g n i f i c a n t  d i f f e r e n c e s  between p ro ve n a n ce s  may 
r e s u l t  fro m  th e  f a c t  t h a t  p rovenan ces  a re  n o t  re s p o n d in g  in  a 
c o n s is te n t  way a t  th e  d i f f e r e n t  p h o to p e r io d s  even th o u g h  s i g n i f i c a n t  
d i f f e r e n c e s  betw een p ro ve n a n ce s  may o c c u r  a t  i n d iv id u a l  p h o to p e r io d s .
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TABLE 6 .3  Summary o f  S ig n i f i c a n t  R e s u lts  o f  A n a ly s is  o f  th e  
D ry  W e ig h t P ro d u c t io n  and L e a f A rea  a t  D i f f e r e n t  
P h o to p e r io d s
1 = K a th e r in e ,  2 = Todd R iv e r ,  3 = Lake A lb a c u ty a
1 0 -h o u r 1 2 -h o u r 1 4 -h o u r
3 2 1 3 2 1 3 2 1
L e a f D ry  W e igh t
1 * * NS NS * NS
2 * * *
3
Stem D ry  W e igh t
1 * * * * * *
2 NS NS NS
3
R oot D ry  W e igh t
1 NS NS NS NS NS NS
2 * NS
3
T o ta l  D ry  W e igh t
1 * NS * NS * NS
2 * NS *
3
T o ta l  L e a f A rea
1 NS * NS NS •* NS
2 * NS *
3
R o o t/S h o o t R a t io
1 * * * NS * *
2 * * NS
3
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TABLE 6 .4  U n iv a r ia te  A n a ly s is  o f  V a r ia n c e  f o r  D ry  W e igh t
P ro d u c t io n  and T o ta l  L e a f A rea  a t  D i f f e r e n t
P h o to p e r io d s .
S ource DF Mean Square
V a r ia n c e
R a t io S ig  .5°/o
L e a f W e ig h t (g )
P rovenance 2 2 0 .3 6 6 .5 0 NS
P h o to p e r io d 2 3 3 .9 0  , 10.81
P ro v . x P h o to p e r io d 4 0 .48i 0 .61
Stem W e ig h t (g )
P rovenance 2 4 .63 , 4 .5 9 NS
P h o to p e r io d 2 1 1 . 3 a . 11 .27
P ro v . x P h o to p e r io d 4 9 .71 9 .71
R oot W e igh t (g )
P rovenance 2 9 .1 8 ' 1 .12 NS
P h o to p e r io d 2 1 .61 ' 9 .5 5
P ro v . x P h o to p e r io d 4 0 .1 3 0 .7 7
T o ta l  D ry  W e ig h t (g )
P rovenance 2 4 8 .3 7 4 .9 1 NS
P h o to p e r io d 2 123 .50 12 .54
P ro v . x P h o to p e r io d 4 1.01. . 0 .1 0
R o o t/S h o o t R a t io
P rovenance 2 0 .01 7 .3 5 NS
P h o to p e r io d 2 0 .0 3 . .. 15 .42
P ro v . x P h o to p e r io d 4 0 .0 0 0 .4 6
T o ta l  L e a f A rea  (s q .c m )
P rovenance 2 3 5 8 0 6 9 .9 5 3 .1 6 NS
P h o to p e r io d 2 86488 4 .00 7 .6 3
P ro v . x P h o to p e r io d 4 5 4 1 1 9 .2 3 0 .4 8
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6 .4  D is c u s s io n
Summary o f  F in d in g s
The r e s u l t s  show some c le a r  d i f f e r e n c e s  between th e  th re e  
p ro v e n a n c e s , K a th e r in e ,  Todd R iv e r  and Lake A lb a c u ty a , in  t h e i r  
r e a c t io n  to  v a r ia t io n  in  p h o to p e r io d .
T h e re  i s  a s t ro n g  and d i r e c t  r e la t io n s h ip  between 
p h o to p e r io d  and s e e d lin g  h e ig h t  g ro w th  f o r  a l l  3 p ro v e n a n c e s , t h a t  
i s ,  th e r e  was a marked re s p o n s e  in  h e ig h t  g ro w th  to  in c re a s in g  
p h o to p e r io d .  U n lik e  th e  h e ig h t  g ro w th  how eve r, th e re  was no 
m arked re s p o n s e  in  b a s a l d ia m e te r  and num ber o f  in te rn o d e s  on th e  
stem  to  in c r e a s in g  p h o to p e r io d .  P rovenances  d i f f e r  in  s e e d lin g  
h e ig h t  g ro w th  a t  b o th  12- and 1 4 -h o u r p h o to p e r io d ,  th e  p rovenan ces  
w ere w id e ly  s e p a ra te d  -  Todd R iv e r  had th e  g r e a te s t  h e ig h t  g ro w th  
and K a th e r in e  th e  le a s t .  From p re v io u s  d is c u s s io n ,  Todd R iv e r  
s h o u ld  have been s lo w -g ro w in g .  T h is  means th e re  i s  some change 
in  s e e d l in g  fo rm  w ith  in c r e a s in g  p h o to p e r io d ,  t h a t  i s ,  in  re s p o n d in g  
in  h e ig h t ,  th e  s e e d lin g s  a re  becom ing more s p in d ly .  T h is  was 
c o n f irm e d  in  th e  d r y  w e ig h t p ro d u c t io n  d a ta  w here peak d r y  w e ig h t 
o c c u r re d  a t  th e  1 2 -h o u r p h o to p e r io d .
T h e re  i s  a la r g e  d i f f e r e n c e  betw een p rovenan ces  in  th e  
number o f  le a v e s  on b ra n ch e s  and th e  num ber o f  b ra n ch e s  a t  1G and 12 
h o u rs .  The Todd R iv e r  p ro ve n a n ce  had th e  g r e a te s t  number o f  le a v e s  
on b ra n ch e s  a t  a l l  p h o to p e r io d s ,  and K a th e r in e  th e  le a s t .
K a th e r in e  and Lake A lb a c u ty a  s e e d lin g s  had fe w e r  le a v e s  on b ra n c h e s , 
b u t th e  num ber in c re a s e d  w ith  p h o c o p e r io d  w i th  a maximum a t  
14 h o u rs .  Todd R iv e r  -  a h o t d ry  e n v iro n m e n t -  m ig h t have been
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expected to have fewer leaves on branches and number of branches 
than either Katherine or Lake Albacutya.
There was a progressive decline in the root:shoot ratio 
with increase in the length of photoperiod. The northernmost 
(Katherine) provenance seedlings had the greatest root:shoot ratio 
at all photoperiods, and the southernmost (Lake Albacutya) provenance 
the least.
Discussion on Findings
In this study the Todd River provenance had the greatest 
height growth. This provenance is associated with the harsher 
environmental conditions of central Australia, and its height 
growth pattern appears to negate conclusions drawn for the foregoing 
study, - that is that slower height production of northern (harsher 
environments) provenances may represent adaptation to these con­
ditions. Moreover, the Todd River provenance had a greater number 
of branches and leaves on branches than the southern (Lake Albacutya) 
provenance - again appearing to negate the hypothesis that within 
harsher environments there has been selection favouring individual 
with smaller transpiring surfaces. Therefore it seems that 
either the Todd River provenance is atypical of northern provenances 
generally (for example, there may be some local environmental 
conditions which ameliorate the harsh environment), or the hypothesis 
developed in the foregone chapter is not tenable.
It is necessary therefore to look more closely at the Todd 
River seedling characteristics to see whether there are other 
growth characteristics which differ from the southern provenance
156
□ f  Lake A lb a c u ty a ,  and w h ich  can be in t e r p r e te d  in  te rm s  o f  e n v iro n ­
m e n ta l s e le c t io n  f o r  a d a p ta t io n  to  h a rs h  e n v iro n m e n t. A number 
o f  g ro w th  c h a r a c t e r i s t i c s  o f  th e  Todd R iv e r  p ro ve n a n ce  a re  
su m m a rise d .
1. Todd R iv e r  s e e d lin g  h e ig h t  g ro w th  d id  n o t  d i f f e r  s ig ­
n i f i c a n t l y  fro m  Lake A lb a c u ty a  and K a th e r in e  a t  th e  10- 
h o u r p h o to p e r io d .  The w id e  s e p a ra t io n  o c c u r re d  o n ly  
a t  p h o to p e r io d s  g r e a te r  th a n  10 h o u rs .
2 .  W h ile  th e  Todd R iv e r  s e e d lin g s  g rew  more h e ig h t  a t  12 
and 14 h o u rs , th e y  d id  n o t  p ro d u ce  th e  g r e a te s t  t o t a l  
d r y  w e ig h t a t  th e s e  p h o to p e r io d s .  In  f a c t  th e  Lake 
A lb a c u ty a  s e e d lin g s  p roduced  more t o t a l  d r y  m a t te r  a t
a l l  p h o to p e r io d s ,  and more l e a f  d r y  w e ig h t a t  a l l  p h o to p e r io d s . 
In  l e a f  d ry  w e ig h t ,  Todd R iv e r  p roduced  le s s  th a n  b o th  
Lake A lb a c u ty a  and K a th e r in e  a t  a l l  p h o to p e r io d s .  The 
Todd R iv e r  s e e d l in g  u n d e r th e  g ro w in g  c o n d i t io n s  o f  th e  
p h y to t ro n  a t  le a s t  were p ro d u c in g  la r g e r  s p in d ly  p la n ts ,  
and m a rk e d ly  lo w e r  l e a f  p ro d u c t io n  in  te rm s o f  l e a f  w e ig h t .
3 . D e s p ite  th e  g r e a te r  h e ig h t  g ro w th  a t  12 and 14 h o u rs , th e re  
was o n ly  a s l i g h t  in c re a s e  in  number o f  le a v e s  on s te m s .
A t th e  1 2 -h o u r p h o to p e r io d  th e re  w ere no s i g n i f i c a n t  
d i f f e r e n c e s  betw een p ro ve n a n ce s  in  num ber o f  le a v e s  on 
stem  -  b u t  th e re  w ere s i g n i f i c a n t  d i f f e r e n c e s  a t  14 h o u rs .
4 .  The Todd R iv e r  s e e d lin g  p roduced  c o n s id e ra b ly  more b ra n ch e s  
and le a v e s  on b ra n ch e s  th a n  e i t h e r  Lake  A lb a c u ty a  o r  
K a th e r in e  -  p a r t i c u l a r l y  a t  10 - and 1 2 -h o u r p h o to p e r io d s .
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There was little difference between provenance in 
leaves on stems. Yet despite this,
(a) The Todd River seedling leaf dry weight production 
was less than that of Lake Albacutya and Katherine.
(b) The Todd River seedling total leaf area was generally 
smaller than that of Lake Albacutya and Katherine.
This clearly indicates that Todd River seedlings not only 
produced spindly seedlings under conditions of the experiment, 
but leaf size (area) and probably thickness were considerably 
less than that of Lake Albacutya and Katherine. This 
may represent environmental selection of plants with 
smaller transpiring surface.
5. Finally, Todd River behaved differently from Lake Albacutya
and Katherine in response of number of branches and leaves 
on branches at the largest photoperiod. At 14 hours, 
number of branches and number of leaves on branches 
dropped sharply; this did not happen with Lake Albacutya 
and Katherine. In Todd River environment - conditions 
at greatest photoperiod could be particularly severe.
Reaction of Todd River seedlings could represent selection 
of individuals able to reduce leaf production (and trans­
piring surface) at longer days.
In conclusion, environmental selection of characteristics 
may be expressed in many ways. Todd River differed in growth
characteristics than other northern provenance, yet its own growth
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characteristics can in fact be also interpreted in terms of 
selection against harsh environmental condition - particularly lower 
total dry weight production, smaller leaf area, smaller leaf dry 
weight, and reaction in number of branches and leaves on branches 
at greatest photoperiod.
CHAPTER 7
FROST RESISTANCE IN EUCALYPTUS CAMALDULENSIS DEHN
7.1 Introduction
Frost resistance in eucalypts is one physiological 
attribute for which there may be considerable within-species vari­
ation. Differences in frost resistance between populations from 
a range of sites have been reported for a number of eucalypt 
species. Frost resistance has been found to increase with altitude 
in E. fastigata (Boden 1958, Sherry and Pryor 1967); in E. pauciflora 
(Pryor 1956, Green 1967); in E. regnans (Ashton 1956, 1958,
Eldridge 1969); and E. viminalis (Paton 1972).
Frost resistance in E. camaldulensis was found to vary 
latitudinally according to seed source by Larsen (1967), Karschon 
(1968), and by Pryor and Byrne (1969). In all of these studies 
the northern ecotype was considered more susceptible to frost damage 
than the southern population. The work of Karschon on Frost 
resistance of E. camaldulensis was limited to 3 provenances 
from the northern ecotype of the species while that of Pryor and 
Byrne covered a wider latitudinal range but a narrow longitudinal 
range.
Frost injury can be assessed in a number of ways. Most 
authors have measured some frost injury parameter and used the co­
efficient of variation of the mean to indicate within provenance 
differences in frost resistance. This is only a qualitative
assessment of frost injury in plants in that it usually does not
indicate extent of damage to individual seedlings. In an effort 
to describe quantitatively frost injury in Eucalyptus species,
Paton (1972) developed a technique whereby direct quantitative 
assessment of frost injury for individual seedlings was possible. 
The frost injury was expressed as the percentage ratio of "dry 
weight" to "wet weight" for each seedling to indicate the relative 
amounts of dead leaf tissue - due to the loss of water and possibly 
other volatile substances - and the living leaf tissue after 
frost treatment. The "wet weight" is taken as the weight of 
all dead, injured, and unaffected leaves of each seedling - 
collected after frost treatment, and "dry weight" is the oven dry 
weight of the leaves. For example, for untreated seedlings the 
percentage ratio of dry weight to wet weight is normally around 
30_4CP/o. In frost treated seedlings, the greater the ratio of dry 
weight to wet weight, the greater the degree of frost injury. A 
completely killed seedling could have percentage ratio approaching 
100°/o. The ratio is measured at a standard time after frost treat­
ment, for example, 5 - 10 days. The ratio is assessed for each 
seedling and the extent of damage can be expressed by determining 
the proportion of seedling in different injury classes.
PatonTs method was used in the present study for E. 
camaldulensis. The objective of the study is to test provenances 
of E. camaldulensis under a range of controlled conditions for
differences in resistance to frost.
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7 .2  M a te r ia ls  and M ethods 
P re p a ra t io n  o f  s e e d lo ts
F o r P r e l im in a r y  E x p e r im e n ts  and E x p e r im e n ts  1 and 2 , 
s e e d lo ts  o f  E . c a m a ld u le n s is  fro m  4 p ro ve n a n ce s  -  K a th e r in e ,  
N a th a l ia ,  G w yd ir R iv e r  and Agnew -  were g e rm in a te d  and grown in  
an open g la s s h o u s e . F o r  a d e ta i le d  d e s c r ip t io n  o f  th e  p ro ve n a n ce s , 
see T a b le  4 . 1 .  F o r each p ro v e n a n c e , 4 s e e d lin g s  were t r a n s p la n te d  
in t o  each o f  tw e n ty - s ix  p o ts  c o n ta in in g  an e q u a l m ix tu re  o f  p e r l i t e  
and v e r m ic u l i t e .  The p la n ts  w ere m a in ta in e d  in  th e  g la s s h o u s e  f o r  
th re e  m onths b e fo re  b e in g  s u b je c te d  to  th e  f r o s t  t r e a tm e n t .
A dequa te  n u t r ie n t s  were p ro v id e d  in  tw ic e  w e e k ly  a p p l ic a t io n  o f  
"A q u a s o l” .
F o r  E x p e r im e n t 3 , E . c a m a ld u le n s is  s e e d lin g s  fro m  4 p ro ­
venances -  K a th e r in e ,  N a th a l ia ,  G w yd ir R iv e r  and Agnew -  were r a is e d  
a t  th e  CSIRO p h y to t r o n . A t tw o - le a f  p a i r  s ta g e  th e  s e e d lin g s  were 
p r ic k e d  and t r a n s p la n te d  in t o  17 cm p o ts .  F o u r s e e d lin g s  were 
t r a n s p la n te d  in t o  each p o t and th e re  w ere 24 r e p l ic a t e s  f o r  each 
p ro v e n a n c e . The s e e d lin g s  were a rra n g e d  in  a "C " c a b in e t  s e t  a t  
2 1 /1 6 °C . and 8 -h o u r  p h o to p e r io d .  When th e  p la n ts  had grown f o r  
2 m on ths , one h a l f  were g r a d u a l ly  ha rdened  in  th re e  s ta g e s  by 
t r a n s f e r r in g  them in  "C " c a b in e ts  s e t  a t  lo w e r  te m p e ra tu re s  o f  
1 8 /1 3 ° , 1 5 /1 0 °  and 9 /4 ° C . r e s p e c t iv e ly .  A t each te m p e ra tu re  th e  
s e e d lin g s  were hardened f o r  5 d a y s . The p la n ts  were ta ke n  
d i r e c t l y  fro m  th e  p h y to t ro n  to  th e  f r o s t  room .
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Preparation for frost treatments
The pots containing the seedlings were packed in wooden 
boxes and surrounded with dry perlite to protect the seedling roots 
from freezing during the frost treatment. The temperature of 
the frost room was gradually lowered to the required temperature 
before the cooling system was turned off and the room opened, 
and allowed to return to ambient temperature.
Frost treatment
All frost treatments were carried out at Botany Department 
frost room. The design of the frost room for radiation frost 
s udies in Eucalyptus was described by Aston and Paton (1973).
The frost room was initially at the day-room temperature of about 
20°C. when the boxes containing the plants were brought in for the 
Preliminary Experiments and for Experiments 1 and 2. The initial 
temperature of the frost room was about 10°C. when the seedlings 
for Experiment 3 were brought in. To bring the temperature of 
the frost room to zero the temperature controller was set at -25°C. 
This allowed a gradual decrease in temperature of the frost room to 
reach zero and subsequently the leaf temperature to reach zero. 
Thermometer and thermoscouple readings were used to check the frost 
room temperature. Measurements of leaf temperature were obtained 
from 12 thermocouples attached to the abaxial surface of the leaf. 
When the frost room reached a temperature of 0°C., the temperature 
was maintained until the leaf temperature dropped to 0°C. The 
temperature of the frost room varies by +0.13°D. The temperature
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□ f  th e  le a f  was d e c reased  in  s ta g e s  by 1°C . and m a in ta in e d  f o r  30 
m in u te s  a t  each te m p e ra tu re  b e fo re  b e in g  d e c re a se d  f u r t h e r .
When th e  d e s ire d  te m p e ra tu re  was reached  i t  was m a in ta in e d  
f o r  30 m in u te s .  The f r o s t  room was th e n  opened to  a l lo w  th e  p la n ts  
to  d e f r o s t .  The t r e a te d  p la n ts  were ta k e n  o u t o f  th e  f r o s t  room .
The e f f e c t s  o f  f r o s t  on th e  p la n ts  were n o te d  th e  f o l lo w in g  m o rn in g . 
The p la n ts  w ere w a te re d  and k e p t in  a g re e n  house f o r  6 days to  
a l lo w  a f u l l  d e ve lo p m e n t o f  any f r o s t  i n j u r y .
Assessm ent o f  f r o s t  i n j u r y
F o r assessm en t o f  f r o s t  i n j u r y ,  a l l  dead , in ju r e d ,  and 
u n a f fe c te d  le a v e s  on each s e e d lin g  were s t r ip p e d  a t  day 6 a f t e r  
f r o s t  t r e a tm e n t  and w e t w e ig h t d e te rm in e d . Any g reen  le a v e s  
w h ich  were c o ve re d  by p e r l i t e  d u r in g  t re a tm e n t were e x c lu d e d .
D ry w e ig h t was d e te rm in e d  when lo s s  in  w e ig h t in  a d r y in g  oven 
a t  80°C . had c e a s e d .
7 .3  P r e l im in a r y  F r o s t  E x p e r im e n t R e s u lts
T h re e  t r i a l  ru n s  were made to  d e te rm in e  th e  te m p e ra tu re  
a t  w h ich  50°/o f r o s t  damage w ou ld  o c c u r  in  m ost o f  th e  p ro v e n a n c e s .
In  th e  f i r s t  t r i a l  r u n ,  20 s e e d lin g s  o f  K a th e r in e  p rovenan ce  
were s u b je c te d  to  f r o s t  t r e a tm e n t .  In  th e  second t r i a l  ru n ,  seven 
s e e d lin g s  fro m  N a th a l ia ,  G w yd ir R iv e r  and Agnew p ro ve n a n ce s  w ere 
s u b je c te d  to  f r o s t  t r e a tm e n t .  T w e lve  s e e d lin g s  fro m  3 p ro ve n a n ce s  -  
N a th a l ia ,  G w y d ir R iv e r  and Agnew -  were used f o r  th e  t h i r d  t r i a l  
r u n .  These s e e d lin g s  re p re s e n te d  re g ro w th  o f  s e e d lin g s  w h ich  had 
been c u t  back a f t e r  h a v in g  been exposed to  f r o s t  t r e a tm e n t .
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The mean h e ig h ts  o f  s e e d lin g s  f o r  each o f  th e  4 p rovenances 
o f  E . c a m a ld u le n s is  b e fo re  f r o s t  t r e a tm e n t  was as f o l lo w s :
H e ig h t(c m )
K a th e r in e 4 0 .3 3
N a th a l ia 5 0 .1 5
G w y d ir  R iv e r 5 2 .2 0
Agnew 3 7 .8 5
The mean r a t i o  p e rc e n ta g e s  o f  d r y  w e ig h t to  w et w e ig h t 
f o r  b o th  t r e a te d  and u n tre a te d  s e e d lin g s  a re  g iv e n  in  T a b le  7 .1 ,  
f o r  th e  3 t r i a l  r u n s .
TABLE 7 .1  F r o s t  I n j u r y  f°/o D ry  W e ig h t/W e t W e ig h t)  f o r  th e  P la n ts  
o f  E . c a m a ld u le n s is  f o r  th e  3 T r i a l  Runs o f  F r o s t  
T re a tm e n ts  and th e  R a t io  P e rc e n ta g e s  o f  D ry  W e igh t 
to  Wet W e igh t f o r  U n tre a te d  P la n t s .
F r o s t  Room T e m p e ra tu re  ( ° C . )
T re a te d  S e e d lin g s U n tre a te d
- 5 .5 - 4 .5 - 4 .5 S e e d lin g s
T r i a l  Run 1 2 3
K a th e r in e 96 .01 - - 3 7 .5 0
N a th a l ia - 6 8 .1 9 6 5 .8 2 4 0 .7 5
G w yd ir R iv e r - 55 .61 6 3 .5 0 4 1 .3 3
Agnew - 6 4 .2 8 7 0 .2 7 3 4 .5 3
L .S .D .  (p = 0 .0 5 ) - 5 .7 4 5 .4 3
The data in Table 7.1 were analysed and the L.S.D. values 
at 5°/o level of probability are given. In untreated seedlings the 
ratio of dry weight to wet weight expressed as a percentage ranged 
from 34-41%. " .
Percentages greater than those for the untreated seedlings express 
the degree of frost damage. In the first trial run, all the 
seedlings of Katherine provenance were severely damaged by frost - 
all plants were totally killed - the percentage dry weight to 
wet weight at standard time of 6 days was 96.01%. Because of 
this a low temperature of -5.5°C. was considered unsuitable for 
running the major frost treatment. The results of the second and 
third trials at a treatment temperature of -4.5°C. were similar.
For example, this temperature was found to produce frost damage 
symptoms on about half of the seedlings in three of the provenances. 
In the second trial run a frost damage index of 55.61% was recorded 
for Gwydir River provenance while Agnew and Nathalia scored 64.28 
and 68.19% respectively. In the third trial run, Gwydir River 
scored 63.50% frost injury index while Agnew and Nathalia had 
70.27 and 65.82% respectively. There was no significant difference 
between Nathalia and Gwydir River provenances but Agnew provenance 
was significantly different (p = 0.05) from the other two.
7.4 Experiment 1
In the first major experiment, seedlings from 3 provenances 
Nathalia, Gwydir River and Agnew - were subjected to frost treat­
ment. The number of seedling replicates for each of the three
provenances was 43.
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The t o t a l  f r o s t  i n j u r y  e xp re sse d  as th e  p e rc e n ta g e  o f  
d r y  w e ig h t to  wet w e ig h t i s  s e t  o u t  in  T a b le  7 . 2 ( a ) .  N a th a l ia  
s e e d lin g s  re c o rd e d  th e  g r e a te s t  f r o s t  i n j u r y  in d e x  (8 9 .9 1 % ), 
fo l lo w e d  by G w yd ir R iv e r  s e e d lin g s  w i th  an in d e x  o f  79.56% .
Agnew p rove n a n ce  re c e iv e d  th e  le a s t  f r o s t  damage (6 9 .8 8 % ), th a t  
i s ,  s e e d lin g s  fro m  Agnew p ro ve n a n ce  were th e  m ost r e s i s t a n t  to  
f r o s t .  T he re  was no s i g n i f i c a n t  d i f f e r e n c e  between N a th a l ia  
and G w yd ir R iv e r  p ro ve n a n ce s , b u t th e s e  two p ro ve n a n ce s  were 
s i g n i f i c a n t l y  d i f f e r e n t  fro m  Agnew p ro v e n a n c e .
The r e s u l t s  o f  th e  f r o s t  i n j u r y  a re  a ls o  p re s e n te d  in  
a s e r ie s  o f  h is to g ra m s  re p re s e n t in g  th e  p e rc e n ta g e  f re q u e n c y  
w i t h in  i n j u r y  c la s s e s  f o r  each o f  th e  3 p ro ve n a n ce s  (F ig u re  7 . 1 ) .  
M ost o f  th e  s e e d lin g s  fro m  N a th a l ia  and G w y d ir R iv e r  p ro ve n a n ce s  
were s e v e re ly  damaged by f r o s t .  F o r exam p le , 70 to  80% o f  th e  
p la n ts  were damaged to  th e  e x te n t  t h a t  90 -  100% o f  th e  p la n t  
m a t te r  was k i l l e d .  A l t e r n a t i v e l y  o n ly  34% o f  th e  s e e d lin g s  o f  
Agnew p ro ve n a n ce  was s e v e re ly  damaged by f r o s t .  T h is  s u g g e s ts  
t h a t  u n d e r th e  e x p e r im e n ta l c o n d i t io n s ,  Agnew p ro ve n a n ce  was more
t o le r a n t  to  f r o s t  th a n  th e  o th e r  tw o p ro ve n a n ce s
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FIGURE 7 .1  H is to g ra m s  o f  P e rce n ta g e  F re q u e n cy  W ith in  I n j u r y  
C la sse s  f o r  3 P rovenances o f  E . c a m a ld u le n s is  
Grown in  Open G lasshouse  f o r  E x p e r im e n t 1 on 
F ro s t  R e s is ta n c e .
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7 .5  E x p e r im e n t 2
A t th e  h a rv e s t  o f  s e e d lin g s  o f  th e  p r e l im in a r y  e x p e r im e n t 
and o f  E x p e r im e n t 1, th e  stem  o f  each s e e d lin g  f o r  each o f  th e  4 
p rovenan ces  -  K a th e r in e ,  N a th a l ia ,  G w y d ir R iv e r  and Agnew -  was 
c u t  back to  a b o u t 4 cm above th e  r o o t  r o l l a r  to  a l lo w  a fe w  s h o o ts  
to  grow  f o r  a second ru n  o f  th e  f r o s t  t r e a tm e n t .  The p la n ts  were 
a llo w e d  to  c o p p ic e  to  s e v e ra l s h o o ts ,  th e n  re d u ce d  to  one s h o o t 
p e r  p la n t .  These c o p p ic e d  p la n ts  were m a in ta in e d  in  th e  g la s s h o u s e  
f o r  2 m onths u n t i l  th e y  w ere la r g e  enough to  be s u b je c te d  to  a 
second f r o s t  t r e a tm e n t .  The number o f  s e e d lin g  r e p l ic a t e s  f o r  
each o f  th e  4 p ro ve n a n ce s  was 7 5 .
The e f f e c t s  o f  f r o s t  t r e a tm e n t  on th e  4 p ro ve n a n ce s  were 
n o t r e c o g n is a b le  im m e d ia te ly  th e  p la n ts  w ere ta k e n  o u t  o f  th e  f r o s t  
room . The day f o l lo w in g  f r o s t  t r e a tm e n t  i t  was p o s s ib le  to  s c o re  
th e  number o f  s e e d lin g s  a f fe c te d  by f r o s t  in  each p ro v e n a n c e .
A ro u g h  e s t im a te  o f  th e  f r o s t  e f f e c t s  on each p rove n a n ce  was made 
by c o u n t in g  th e  number o f  in ju r e d  s e e d l in g s .  T he re  was a s t r o n g  
in d ic a t io n  o f  d i f f e r e n c e s  in  p rovenan ce  r e a c t io n  to  f r o s t  t r e a t ­
m e n t. The g r e a te s t  damage o c c u r re d  in  th e  N a th a l ia  p ro ve n a n ce  
w ith  96% o f  th e  s e e d lin g s  b e in g  damaged by th e  f r o s t  t r e a tm e n t .
T h is  was fo l lo w e d  by G w y d ir R iv e r  p rove n a n ce  w ith  84°/0 damage.
Agnew and K a th e r in e  re c e iv e d  le s s  damage w ith  73°/o and 69% o f  th e  
p la n ts  b e in g  damaged r e s p e c t iv e ly .  These s u b je c t iv e  r e s u l t s  o f  
f r o s t  damage o f  th e  s e e d lin g s  compared v e ry  w e l l  w i th  th e  sub­
s e q u e n t o b je c t iv e  s c o r in g  o f  f r o s t  i n j u r y .  The t o t a l  f r o s t  i n j u r y  
has been e x p re sse d  as a p e rc e n ta g e  o f  d r y  w e ig h t to  w et w e ig h t
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(T a b le  7 .2  ( b ) ) .  N a th a l ia  s e e d lin g s  re c o rd e d  th e  g r e a te s t  
damage in d e x  (94.8G % ), fo l lo w e d  by G w y d ir  R iv e r  w i th  an in d e x  o f  
83.07% . Agnew had an i n j u r y  in d e x  o f  86.4%  w h i le  K a th e r in e  re c e iv e d  
th e  le a s t  f r o s t  damage (7 2 .2 1 % ). U nder th e  e x p e r im e n ta l c o n d i t io n s ,  
N a th a l ia ,  G w y d ir  R iv e r  and Agnew s e e d lin g s  were more s u s c e p t ib le  
to  f r o s t  i n j u r y  th a n  s e e d lin g s  fro m  K a th e r in e  p ro v e n a n c e .
The e x te n t  to  w h ich  damage was done to  th e  s e e d lin g s  i s  
p re s e n te d  in  a s e r ie s  o f  h is to g ra m s  re p re s e n t in g  th e  p e rc e n ta g e  
fre q u e n c y  w i t h in  i n j u r y  c la s s e s  f o r  each o f  th e  4 p rovenan ces  
(F ig u re  7 . 2 ) .  N a th a l ia  p ro ve n a n ce  was s e v e re ly  damaged by f r o s t .
A l l  th e  s e e d lin g s  fro m  N a th a l ia  re c e iv e d  more th a n  50% i n j u r y ,  and 
a h ig h  p r o p o r t io n  o f  th e  s e e d lin g s  (95%) re c e iv e d  more th a n  80% 
f r o s t  damage. T h is  was fo l lo w e d  by G w yd ir R iv e r  where 80% o f  th e  
s e e d lin g s  re c e iv e d  o v e r  80% f r o s t  damage. Agnew p rovenan ce  had 
a b o u t 70% o f  th e  s e e d lin g s  damaged to  th e  e x te n t  t h a t  80-100%  
o f  th e  p la n t  m a t te r  was k i l l e d .  A g a in , K a th e r in e  p ro ve n a n ce  was 
th e  le a s t  a f fe c te d  by f r o s t  -  a s m a l le r  p r o p o r t io n  o f  th e  s e e d lin g s  
(66%) re c e iv e d  more than  80% f r o s t  i n j u r y ,  and a b o u t 30% o f  th e  
s e e d lin g s  had le s s  th a n  50% f r o s t  damage.
In  th e  p re s e n t s tu d y  th e  s e e d lin g s  were n o t p re -h a rd e n e d  
b e fo re  b e in g  s u b je c te d  to  f r o s t  t r e a tm e n t ,  b u t  u n d e r n a tu r a l  
c o n d it io n s  where a p e r io d  o f  c o ld  w e a th e r p re ce d e s  f r o s t y  w in te r  
c o n d i t io n s ,  p la n ts  may be hardened to  w ith s ta n d  f r o s t .  The r e s u l t s  
in d ic a te  t h a t  th e  n o r th e rn m o s t (K a th e r in e )  p ro ve n a n ce  where f r o s t y  
c o n d it io n s  a re  le s s  f r e q u e n t  th a n  th e  s o u th e rn  p ro ve n a n ce s , was fo u n d  
to  be more r e s is t a n t  to  f r o s t  damage th a n  th e  o th e r  3 p ro v e n a n c e s .
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There  may be some p h y s io lo g ic a l  r e a c t io n s  in  p la n ts  w h ich  p e rm it  
p reha rde ned  p la n ts  in  c o ld  re g io n s  to  w ith s ta n d  f r o s t .
The t h i r d  m a jo r e x p e r im e n t was d e s ig n e d  to  exam ine 
w h e th e r p re h a rd e n in g  had any e f f e c t  on su b se q u e n t f r o s t  i n j u r y ,  
and w h e th e r th e re  w ere s i g n i f i c a n t  d i f f e r e n c e s  betw een p ro ve n a n ce s  
in  t h i s  r e s p e c t .
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K a th e r in e
N a th a l ia
G w yd ir R iv e r
Agnew
I n ju r y  C la s s  (°/o D ry  W e ig h t/W e t W e ig h t)
FIGURE 7 .2  H is to g ra m s  o f  P e rce n ta g e  F re q u e n cy  W ith in  I n j u r y  
C la sse s  f o r  4 P rovenances o f  E . c a m a ld u le n s is  
Grown in  Open G lasshouse  f o r  E x p e r im e n t 2 on 
F r o s t  R e s is ta n c e .
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7.6 Experiment 3 - Effect of prehardening
In this experiment E. camaldulensis seedlings from 4 
provenances - Katherine, Nathalia, Gwydir River and Agnew - were 
raised at the CSIRÜ phytotron and the frost treatment was carried 
out at Botany Department frost room.
The results of the frost injury to the seedlings are 
presented in a series of histograms representing the percentage 
frequency within injury classes for each of the 4 provenances and 
follows:
Figure 7.3 Percentage frequency within injury classes for 
unhardened seedlings grown at 21/16°C.
Figure 7.4 Percentage frequency within injury classes for 
seedlings hardened at 9/4°C.
When the plants grown at 21/16°C. were treated with frost 
(without intermediate hardening) the reactions were similar to those 
of Experiment 2, that is, the seedlings from the northern pro­
venances of Katherine and Agnew were more resistant to frost than 
seedlings from southern provenances - Nathalia and Gwydir River.
Most of the seedlings from southern provenances were severely 
injured. For Nathalia and Gwydir River, around 60-70°/o of plants 
were damaged to the extent that 50-70°/o of the plant matter was 
killed. About 50°/o of seedlings from Katherine had 20-60% leaf 
tissue damage. All the seedlings from Agnew received less than 
60% damage to the leaves.
The total frost injury (expressed as the percentage of 
dry weight to wet weight) has been presented in Table 7.2(c).
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B o th  N a th a l ia  and G w yd ir R iv e r  s e e d lin g s  re c o rd e d  g r e a te s t  f r o s t  
damage in d e x  o f  71 .25 and 76.92°/) r e s p e c t iv e ly .  K a th e r in e  and 
Agnew had a lo w  f r o s t  i n j u r y  in d e x  o f  4 8 .8 3  and 47.75%  r e s p e c t iv e ly .  
T h e re  was no s t a t i s t i c a l  d i f f e r e n c e  between th e  2 s o u th e rn  p rovenan ces  
N a th a l ia  and G w yd ir R iv e r ,  and no s i g n i f i c a n t  d i f f e r e n c e  (p = 0 .0 5 )  
was re c o rd e d  between Agnew and K a th e r in e  p ro v e n a n c e s . How ever, 
th e re  w ere s i g n i f i c a n t  d i f f e r e n c e s  betw een th e  n o r th e rn  and th e  
s o u th e rn  p ro ve n a n ce s  in  t h e i r  r e a c t io n  to  f r o s t  t r e a tm e n t .
Where th e  p la n ts  have been p re h a rd e n e d  b e fo re  th e  f r o s t  
t r e a tm e n t ,  th e  r e a c t io n s  w ere q u i t e  d i f f e r e n t  to  th o s e  o f  unhardened  
p la n t s .  I t  was fo u n d  t h a t  th e  n o r th e rn m o s t (K a th e r in e )  p rovenan ce  
was s e v e re ly  damaged by f r o s t .  A v e r y  h ig h  p r o p o r t io n  o f  th e  
s e e d lin g s  (80°/o) re c e iv e d  more th a n  50% i n j u r y  (F ig u re  7 .4 )  -  t h a t  
i s ,  o n ly  20°/o re c e iv e d  le s s  th a n  50°/o i n j u r y .  T h is  c o n t r a s ts  
g r e a t l y  w i th  e f f e c t s  o f  f r o s t  on K a th e r in e  p ro ve n a n ce  in  E x p e r im e n t 
2 .  A l t e r n a t i v e l y  67% o f  th e  G w y d ir R iv e r  s e e d lin g s  re c e iv e d  le s s  
th a n  50% i n j u r y  and 40% re c e iv e d  le s s  th a n  30% i n j u r y .  F o r  N a th a l ia ,  
48% o f  s e e d lin g s  re c o rd e d  le s s  th a n  50% i n j u r y ,  b u t  f o r  Agnew,
64% o f  s e e d lin g s  re c e iv e d  le s s  th a n  50% i n j u r y .  Under p re h a rd e n e d
c o n d i t io n s ,  th e  s o u th e rn  p ro ve n a n ce s  and Agnew p rove n a n ce  a re  more 
r e s i s t a n t  to  f r o s t  th a n  K a th e r in e  -  t h a t  i s ,  a r e v e r s a l  o f  r e s u l t s  
on unhardened  p la n t s .  G w yd ir R iv e r  — w h ich  in  unhardened t re a tm e n t  
was th e  m ost damaged p ro ve n a n ce  -  became th e  m ost r e s is t a n t  in  
p re h a rd e n e d  t r e a tm e n t .
The t o t a l  f r o s t  i n j u r y  was a ls o  e xp re sse d  as a p e rc e n ta g e
o f  d r y  w e ig h t to  w e t w e ig h t in  T a b le  7 . 2 ( c ) .  K a th e r in e  s e e d lin g s
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recorded the greatest damage index (61%), followed by Nathalia 
(52.58%). Agnew had a 45.33% injury index while Gwydir River 
received the least frost damage index (41%). Under natural condi­
tions where a period of cold weather precedes frosty winter conditions, 
plants may be hardened to withstand frost - as suggested earlier on.
It could therefore be expected that the seedlings from the southern 
provenances of Gwydir River and Nathalia would be more resistant 
to frost than the northern (Katherine) provenance. Agnew is also 
found to be more frost tolerant than Katherine because Agnew is a 
much cooler area during winter (Table 4.1) than the northernmost 
(Katherine) area.
TABLE 7.2 Mean of Total Frost Injury (% Dry Weight/Wet Weight)
to the Plants of E. camaldulensis for the Three Major
Experiments. Frost Injury for (a) Seedlings Grown in
an Open Glasshouse; (b) Coppiced Seedlings Gwown in an
Open Glasshouse; (c) Seedlings Raised in the Phytotron
at 21/16°C. Temperature R gime and those Hardened atid
9/4°C. Before Being Subjected to Frost Treatment._______
a b c
Experiment I Experiment II Experiment III
Series □pen
Glasshouse
□pen
Glasshouse
21/16°C. 9/4°C.
Katherine - 72.21 48.83 oo■
Nathalia 86.91 94.80 71 .25 52.58
Gwydir River 79.56 83. Q7 76.92 41 .00
Agnew 69.88 82.64 47.75 45.33
L.S.D^p = 0.05) 8.24 5.57 11.74 13.48
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FIGURE 7 .3  H is to g ra m s  o f  P e rc e n ta g e  F re q u e n cy  W ith in  I n j u r y  
C la sse s  f o r  th e  P la n ts  o f  E . c a m a ld u le n s is  
□ f  4 P rovenances Grown a t  2 1 /1 6 oC. f o r  E x p e r im e n t  
3 on F ro s t  R e s is ta n c e .
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K a th e r in e
N a th a l ia
G w yd ir R iv e r
Agnew
FIGURE 7 .4  H is to g ra m s  o f  P e rce n ta g e  F requency  W ith in  In  -jury 
C la sse s  f o r  4 P rovenances o f  E . c a m a ld u le n s is  
Gro-vn a t  9 /4 ° C . f o r  E x p e r im e n t 3 on F ro s t  
R e s is ta n c e .
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7.7 Discussion
The results obtained in this study supports the findings 
of earlier work indicating that frost resistance in E. camaldulensis 
varies according to seed origin. However, the results are not 
altogether in agreement with some of this earlier work and suggest 
that some rather interesting variations in frost sensitivity in 
this species have developed in response to local selection.
It is evident that the unhardened seedlings of E. 
camaldulensis from Katherine and Agnew are more resistant to frost 
injury than seedlings from either Nathalia or Gwydir River pro­
venances. This may suggest a selection for resistance to a sudden 
drop in temperature, whereby the northern provenances are more 
adaptable to a radical change in climatic conditions - ensuring 
their survival in any adverse environment. It is quite possible 
that provenances from continental areas - that is, where very marked 
daily temperature fluctuations may occur with severe night radiation 
frosts - may have greater capacity for frost resistance when no 
pre-hardening has been possible.
In continental areas, the most serious frost damage is 
probably caused either by sudden temperature falls which occur 
periodically throughout winter or by changes between day and night 
temperatures occurring in clear sunny weather. Solar radiation may 
raise the temperature of leaves and bark several degrees above the 
air temperature. At sunset the rate of temperature fall may be 
considerable. Injuries caused by such rapid temperature decreases 
are most probably due to intracellular ice formation (Aronsson and
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E lia s s o n  1 9 7 ü )■ F o r th e  s u c c e s s fu l e s ta b lis h m e n t o f  p la n ts  in  
some o f  th e  h a rs h e r  e n v iro n m e n ts  such  as K a th e r in e  and Agnew, th e  
s e e d lin g s  w ou ld  have some a b i l i t y  to  m in im is e  d e h y d ra t io n  o f  th e  p la n t  
t is s u e  c e l l s  un d e r th e  ex tre m e  w e a th e r c o n d i t io n s .
R e s is ta n c e  to  i n t r a c e l l u l a r  f r e e z in g  i s  an im p o r ta n t  
com ponent o f  f o r e s t  h a rd in e s s  in  n e tu re  (A ronsson  and E lia s s o n  1 9 7 0 ). 
The s e e d lin g s  o f  N a th a l ia  and G w y d ir R iv e r  grow n in  th e  open 
g la s s h o u s e  and a t  h ig h  te m p e ra tu re  re g im e  p ro b a b ly  d e ve lo p e d  no 
p h y s io lo g ic a l  and b io c h e m ic a l mechanism to  w ith s ta n d  sudden f r e e z in g  
t e s t  in  th e  f r o s t  room; hence t h e i r  lo w  re s is ta n c e  to  f r o s t  u n d e r 
th e  p re s e n t e x p e r im e n ta l c o n d i t i o r s . The r e s u l t s  o f  th e  e f f e c t s  
o f  f r o s t  on hardened s e e d lin g s  o f  E . c a m a ld u le n s is  in d ic a t e  t h a t  
s e e d lin g s  o f  N a th a l ia  and G w y d ir R iv e r  p rovenan ces  a re  more f r o s t  
t o le r a n t  th a n  th o s e  fro m  Agnew and K a th e r in e .  In  n a tu re  m ost 
o f  th e  p la n ts  fro m  N a th a l ia  and G w y d ir R iv e r  w i l l  p ossess  th e  a b i l i t y  
to  ha rden  to  w ith s ta n d  th e  w in te r  c o n d i t io n s .  Tumavov and 
K ra s a v ts e v  (1 9 5 9 ) , S a k a i ( i9 6 0 )  and P a rk e r  (1 962 ) showed t h a t  n o t 
even th e  te m p e ra tu re s  o f  l i q u i d  n i t r o g e n  ( -1 9 6 ° C .)  o r  h e liu m  
( -2 6 9 ° C .)  w i l l  k i l l  v e ry  h a rd y  p la n t  t i s s u e s .  E ld r id g e  (1 9 6 9 ) 
a ls o  fo u n d  t h a t  s e e d lin g s  o f  E u c a ly p tu s  re g n a n s  hardened  a t  a lo w  
te m p e ra tu re  re g im e  ( 9 /4 ° C . )  a re  more f r o s t  r e s is t a n t  th a n  s e e d lin g s  
grown a t  h ig h e r  te m p e ra tu re s .
I t  i s  n o t  u n e xp e c te d  to  f i n d  t h a t  K arschon  (1 9 6 7 ) , and 
P ry o r  and B yrne  (1 969 ) e s ta b l is h e d  t h a t  th e  n o r th e rn  e c o ty p e  o f  
E . c a m a ld u le n s is  a re  more s u s c e p t ib le  to  f r o s t  i n j u r y  th a n  th e
s o u th e rn  e c o ty p e  when th e  s e e d lin g s  o f  th e  s p e c ie s  a re  grown in  an
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□pen area where hardening of plants is possible before harsher 
winter conditions set in. The results of the present investigation 
on the effects of frost on hardened seedlings of E. camaldulensis, 
more or less confirms that susceptibility of frost damage in the 
species is related to seed origin, and in particular decreases 
from north to south - Katherine (northernmost) provenance being 
the most susceptible and Gwydir River the least. Both Nathalia 
and Agnew provenances may be considered as intermediate in their 
reaction to frost.
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CHAPTER 8
ROOT DEVELOPMENT OF E. CAMALDULENSIS DEHN
8.1 Introduction
As E. camaldulensis occurs in many hot dry areas of 
Australia it is quite possible that drought resistance in seedlings 
is a factor of importance in selecting the fittest individuals to 
survive in the population. E. camaldulensis occurs mainly on 
river banks or on flood plains of inland rivers. The seed 
germinates on moist soil after the flood waters recede (Jacobs 1955, 
Dexter 1967). Dexter noted that seed germinated under these 
conditions when seed bed temperatures were high, and postulated 
that the high optimum germination temperature of 35°C. may be of 
adaptive significance for this reason. In the Murray valley, 
river flooding usually takes place in spring and the flood waters 
may not recede until well into the late spring and early summer.
In northern Australia, in locations such as Katherine, summer 
flooding can be expected when average daily mean temperatures are 
almost 30°C. (see Table 2.2).
Following the period of flooding, most of the sites 
occupied by E. camaldulensis are characterised by prolonged periods 
of dry weather, often with extremely high temperatures. To survive 
on these areas the newly germinated seedling must establish an 
adequate root system quickly. Among the eucalypts, red gum has 
a particularly high root:shoot ratio (Jacobs 1955). Possibly, the
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ability to develop a strong root system rapidly is one reason for 
the success of the species in these flood bank and flood plain 
sites. Differences between provenances in their ability to with­
stand adverse establishment conditions would indicate variation in 
drought resistance of Eucalyptus camaldulensis .
A root study was undertaken to examine the pattern of 
establishment ability among six selected provenances of E. camaldulensis. 
For comparison, one provenance of each of two other eucalypts 
(E. saligna and E . pilularis) was included in the investigation.
Both of these species occur in moist coastal regions of northern 
New South Wales where establishment conditions are usually not 
severe in terms of soil moisture availability.
8.2 Preliminary Experiments
White plastic pipe of 12 cm diameter was cut into 1-metre 
lengths to form open ended pots. These pots were halved by sawing 
through them length wise and reconstituted with insulating tape 
and copper wire. The pots were filled with a soil mixture of 
equal parts of top soil and river sand.
In preliminary experiments, three treatments were set 
up in the open glasshouse:
1. Normal watering of the plants was done until the fifth
leaf pair appeared. Water was then withheld. As the 
soil column dried out at the top, the roots were expected 
to utilise the water remaining in the moist part of the
soil at lower levels
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2 .  Norm al w a te r in g  was c a r r ie d  o u t  tw ic e  d a i l y  th ro u g h o u t 
th e  d u r a t io n  o f  th e  e x p e r im e n t.  S a t is f a c t o r y  g ro w th  
o f  th e  p la n ts  was e x p e c te d , and ih e  r e s u l t s  o b ta in e d  in  
th e  t r e a tm e n t was to  s e rv e  as a b a s is  f o r  co m pa rison  w ith  
th e  o th e r  e x p e r im e n ts .
3 .  W a te r in g  c o n t in u e d  u n t i l  th e  f i f t h  l e a f  p a i r  a p p e a re d , 
and th e  p o ts  were s to o d  in  a p o o l o f  w a te r  h e ld  by a 
3 - g a l lo n  k e ro s in e  t i n .  The id e a  was to  keep th e  w ho le  
s o i l  co lum n m o is t  by c a p i l l a r y  movement o f  w a te r  fro m  
th e  V /a te r  t a b le '  a t  th e  base o f  th e  p o t .
A s in g le  p ro ve n a n ce  o f  E . c a m a ld u le n s is  fro m  K a th e r in e ,
N .T . was used f o r  th e  e x p e r im e n t.  D u p l ic a te  p o ts  w ere used f o r  
each t r e a tm e n t .  The seeds were g e rm in a te d  i n i t i a l l y  in  s m a ll p o ts  
c o n ta in in g  e q u a l p a r ts  o f  p e r l i t e  and v e r m ic u l i t e ,  and th e  s e e d lin g s  
w ere t r a n s p la n te d  in t o  th e  lo n g  p o ts  one month fro m  g e rm in a t io n .
P a ra m e te rs  M easured
1. E ve ry  10 d a ys , th e  s e e d lin g  h e ig h t ,  b a s a l d ia m e te r ,  
number o f  le a v e s  on s te m , number o f  le a v e s  on b ra n c h e s , 
number o f  b ra n c h e s , and number o f  in te rn o d e s  were m easured .
2 . A t f i n a l  h a rv e s t  th e  p o ts  were opened (p h o to  p la te  1 ) ,  
th e  m e tre  lo n g  co lum n o f  s o i l  was c u t  in t o  20 cm s e c t io n s  
and th e  amount o f  s e e d lin g  r o o ts  in  each segm ent m easured . 
The oven d ry  w e ig h t o f  s h o o t and r o o t  were o b ta in e d .
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PHÜTÜPLATE 1 Root Development of E. camaldulensis Seedlings Under 
3 Moisture Regimes in the Preliminary Experiment on 
Root Development.
K1
K3 
k 5
drying soil 
moist soil
watpr saturated soil
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S .3  R e s u l t s  o f  P r e l i m i n a r y  E x p e r im e n ts
In  t r e a tm e n t  1 t h e  r o o t s  were p o o r ly  d e v e lo p e d  b u t  t h e  
p l a n t s  s u r v i v e d  th e  p a r t i a l  d r o u g h t  t r e a t m e n t .  A l a r g e  q u a n t i t y  
o f  r o o t s  d e v e lo p e d  a t  t h e  u p p e r  p a r t  o f  t h e  p o t .  The t a p  r o o t  
grown u n r e s t r i c t e d  u n t i l  i t  r e a c h e d  t h e  bottom  o f  t h e  p o t .
In  t r e a tm e n t  2 t h e  t o t a l  oven d ry  w e ig h t  o f  t h e  p l a n t s  
was much g r e a t e r  th an  t h a t  o f  t r e a t m e n t  1 and c l o s e  t o  t r e a t m e n t  3 .  
The r o o t s  d e v e lo p e d  e v e n ly  in  t h e  s o i l  column and a l a r g e  q u a n t i t y  
o f  them c o n c e n t r a t e d  a t  t h e  bo ttom  o f  t h e  p o t ,  i n d i c a t i n g  t h a t  t h e r e  
was no r e s t r i c t i o n  on r o o t  d e v e lo p m e n t .
The t h i r d  t r e a t m e n t  was q u i t e  i n t e r e s t i n g .  The b u lk  o f  
th e  r o o t s  c o n c e n t r a t e d  above  t h e  * w a te r  t a b l e '  i n  t h e  k e r o s i n e  t i n  
(T ab le  8 . 2 ) .  The w a te r lo g g e d  a r e a  o f  t h e  s o i l  column in  t h e  
c o n t a i n e r  was p o o r ly  a e r a t e d  and r e t a r d e d  th e  f u l l  d e v e lo p m en t  o f  
t h e  r o o t  s y s te m .  The t a p  r o o t  was weakly  form ed b u t  n e v e r t h e l e s s  
p a s se d  th ro u g h  t h e  damp s o i l .  T h is  i s  c h a r a c t e r i s t i c  o f  r o o t  
deve lopm en t o f  savannah  woodland t r e e s .  A cco rd ing  t o  J a c o b s  (1955) 
th e  v a r i o u s  l a y e r s  o f  r o o t s  a p p e a r  to  make u se  o f  d i f f e r e n t  l e v e l s  
o f  s o i l  w a te r  a s  th e  'w a t e r  t a b le *  c h a n g e s .  The d e e p -g o in g  r o o t s  
s u p p o r t  t h e  e x i s t e n c e  o f  t h e  p l a n t s  in  d r y  s e a s o n s  w h i le  t h e  
s h a l lo w  r o o t  sy s tem  t a k e s  a d v a n ta g e  o f  l i g h t  r a i n s  which m o is ten  
t h e  s u r f a c e  l a y e r s .  I t  has  a l s o  been n o ted  by Ja c o b s  (1955) t h a t  
th e  two t y p e s  o f  r o o t s  a r e  v e ry  n o t i c e a b l e  in  t r e e s  o f  t h e  d r i e r  
a r e a s  i n c l u d i n g  E. c a m a l d u l e n s i s .
T h e re  was n o t  much d i f f e r e n c e  in  t h e  t o t a l  d r y  w e ig h t
between t r e a t m e n t s  2 and 3 ,  b u t  t h e  oven d ry  w e ig h t  o f  t r e a t m e n t  3
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was greater than the other two treatments. The greatest root:shoot 
ratio was recorded for treatment 1 (Table 8.1}, - indicating an 
ability of E. camaldulensis to produce roots very rapidly to 
penetrate a poorly structured soil under sub-optimal moisture 
conditions, and this could be a significant factor in the successful 
establishment of E. camaldulensis.
From the preliminary investigations it became clear that 
E. camaldulensis has the ability to develop an extensive root system 
under sub-optimal moisture conditions. To study the degree of 
variation in this property among the provenances a major experiment 
on root development under sub-drought conditions was set up.
TABLE 8.1 The Oven Dry Weight fgm} of Root and Shoot of E .
camaldulensis and the Root/Shoot Ratio for the 
Preliminary Studies
Root
Weight
Shoot
Weight
Total
Plant Weigh
Root/Shoot 
t Ratio
Treatment 1 2.01 1.66 3.67 1.21
Treatment 2 3.90 7.32 11.23 0.53
Treatment 3 4.90 7.12 11.93 0.63
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TABLE 8 .2  Oven D ry  W e ig h t (gm) o f  R oots  o f  E . c a m a ld u le n s is  in  
E q u a l S e c t io n s  o f  S o i l  in  th e  P o t S ta r t in g  fro m  th e  
R oot C o l la r  to  th e  B o ttom  o f  th e  P o t f o r  th e  
P r e l im in a r y  S tu d ie s
0 -2 0  
cm.
2 1 -4 0  
cm.
4 1 -6 0
cm.
6 1 -8 0  
cm.
81 -100  
cm.
T re a tm e n t 1 0 .7 8 0 .3 4 0 .3 7 0 .2 7 0 .2 5
T re a tm e n t 2 1 .96 0 .4 9 0 .3 9 0 .3 8 0 .6 7
T re a tm e n t 3 2 .3 5 1.01 0 .6 3 0 .5 4 0 .21
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8 .4  E x p e r im e n t I
M a te r ia ls  and M ethods
S e e d lo ts  were o b ta in e d  fro m  s i x  p ro ve n a n ce s  o f  E . 
c a m a ld u le n s is , one p ro ve n a n ce  each o f  E . s a l ig n a  and E . p i l u l a r i s  
(T a b le  4 . 1 ) .  A f t e r  t r e a tm e n t  w i th  th e  fu n g ic id e  (Z in e b  6 5 ) ,  
seeds were sown in  p o ts  c o n ta in in g  a m ix tu re  o f  e q u a l p a r ts  o f  
p e r l i t e  and v e r m ic u l i t e .  A t h in  la y e r  o f  p e r l i t e  was used to  
c o v e r  th e  s e e d s . The p o ts  were th e n  s to o d  in  a p o o l o f  w a te r  to  
p re v e n t e x c e s s iv e  d r y in g  o f  th e  s e e d s . W a te r in g  was done tw ic e  
d a i l y .  When a l l  th e  seeds g e rm in a te d , a n u t r i e n t  s o lu t io n  o f  
"A q u a s o l"  was added once a week u n t i l  th e  s e e d lin g s  d e ve lo p e d  
th e  t h i r d  le a f  p a i r .  M ost o f  th e  s e e d lin g s  d e ve lo p e d  th e  t h i r d  
l e a f  p a i r  a b o u t a month a f t e r  g e r m in a t io n .  A t t h i s  s ta g e , th e  
s e e d lin g s  were t r a n s p la n te d  in t o  th e  p re p a re d  p o ts .
P re p a ra t io n  o f  th e  P o ts
P o ts  12 cm in  d ia m e te r  and 1 m e tre  lo n g  w ere p re p a re d  as 
b e fo re .  The s o i l  m ix tu re  c o n s is te d  o f  th re e  p a r ts  o f  b la c k  to p  
s o i l  and one p a r t  o f  r i v e r  sand th o ro u g h ly  m ixed in  a cem ent m ix e r .  
Each s ta n d a rd  p o t was s e t  in  a n o th e r  16 cm d ia m e te r  p o t c o n ta in in g  
a q u a n t i t y  o f  r i v e r  g r a v e l  to  f a c i l i t a t e  d ra in a g e .  The s o i l  
m ix  d e s c r ib e d  d i f f e r s  fro m  t h a t  o f  th e  p r e l im in a r y  e x p e r im e n t.
In  t h a t  e x p e r im e n t th e  s o i l  appea red  to  be to o  f r i a b l e  when th e  p o ts  
were opened, and to o  r e a c h ly  p e n e tra te d  by r o o t s .
Experimental Design
The six provenances of E. camaldulensis investigated were 
from Katherine, Agnew, Gwydir River, Lake Albacutya, Nathalie, and 
Todd River. The single provenance of E. saligna was from Ulong 
while that of E. pilularis came from Coffs Harbour in northern 
New South Wales (Table 4.1). From each provenance sufficient 
good seedlings were transplanted to obtain eight replications of 
each, with a seedling per pot. The pots were arranged as a 
randomised block experiment of eight provenances (treatments) with 
eight replications (photo plate 2). 8 spare pots of Katherine
provenance were set aside to check progress of roots weekly.
After transplanting, the seedlings were watered twice daily for 
3 weeks until all the seedlings appeared vigorous and healthy.
The seedlings were then left in the open glasshouse without watering.
Parameters Measured
The following parameters were taken every 10 days:
(a) seedling height
(b) seedling basal diameter
(c) number of leaves on stem
(d) number of leaves on branches
(e) number of branches
(f) number of internodes
Final Harvesting
The leaves and stems were harvested and oven dried. The 
pots were opened and each soil column was cut into 5 equal parts
1PHOTOPLATE 2 Random ised O loeks  o f' the  S p e c ia l ly  P re p a re d  P o ts  
Used in  S tu d ie s  o f  R out D e ve lo p m e n t.
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□f 20 cm long. The roots carefully washed and oven dried. Oven
dry weights of the leaves, stems and roots were recorded.
8.5 Results of Experiment I
Visual observation indicated that all provenances of 
E. camaldulensis utilised the available water in the soil by 
developing an extensive root system and in most instances reached the 
bottom of the pots. In contrast E. pilularis was slow in extending 
a roo\. system into the moist soil. E. saligna developed a poor 
root system but the roots reached the bottom of the pots.
The bulk of the root development for all the species was 
concentrated in the top 40 cm section of the pots (Table'8.3). In 
the case of E. camaldulensis, the tap root quickly penetrated the 
moist soil and formed a massive root carpet at the bottom of the 
pots. The roots of Lake Albacutya, Gwydir River and Todd River 
provenances were strongly developed at the bottom of the pots. The 
range in root weights in top 2G cm - were, with exception of Agnew 
provenance, 0.345 to 0.516 gm; the weights decreased down the pots 
and between 61 and 80 cm range was 0.076 - 0.250 gm. The build 
up at bottom of pots is shown by weights up to 0.468 grams at the 
81 - 100 cm level. Alternatively, Agnew seedlings had 0.180 gm 
roots at 0 - 20 cm, 0.059 gm at 61 - 80 cm and 0.063 gm at 81 - 100 
cm level. The roots of E. saligna and E. pilularis barely reached 
the bottom of the pots, and did not form a mat at the bottom of the 
pots. The two coastal eucalypts differed considerably in their 
root development - E. saligna had better and more extensive root 
systems than E. pilularis in the moist soil.
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It is difficult to give any meaningful interpretation 
to the pattern of root development due to the fact that the conditions 
under which the seedlings were grown were too favourable for growing 
E. camaldulensis. It therefore became necessary to look more 
closely at the seedling growth characteristics to see whether there 
are any growth characteristics which can be interpreted in terms of 
environmental selection for adaptation to drought conditions.
Seedling Growth Characteristics
The growth characteristics of the seedlings were measured 
as seedling height, basal diameter, number of leaves on stem, 
number of leaves on branches, number of branches and number of 
internodes on the stem. Means for each of the growth parameters 
are given in Table 8.4. In this Table, each value represents the 
means of 8 seedlings for each provenance of E. camaldulensis as well 
as for the two coastal eucalypts (E. saligna and E . pilularis).
These data were analysed and the least significant difference (LSD) 
values at 5% level of probability are given to compare means of 
provenances at any measurement period.
For each of the growth attributes there was a more or less 
progressive increase in growth with time. In height growth, basal 
diameter, leaves on stems, and number of internodes, there was no 
distinct difference between the provenances of E. camaldulensis, 
but E. camaldulensis seedlings had generally greater growth rate 
than seedlings of both E. saligna and E. pilularis. In most 
instances the growth rate of E. saligna was nearly double that of
I
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E. pilularis. In all the growth parameters, the Agnew provenance 
was consistently below the other provenances of E . camaldulcnsis, 
but greater than that of E. pilularis.
Some of the more extreme differences between provenances 
were recorded in respect to the number of leaves on branches and 
number of branches.
Number of Leaves on Branches
There were marked differences between provenances of 
E. camaldulensis in the number of leaves on branches. At day 80 
after seed germination, the southern provenances - Nathalia, Gwydir 
River and Lake Albacutya - had much greater number of leaves on 
branches than the northern provenances of Katherine, Todd River 
and Agnew (Table 8.4d). The number of leaves on branches produced 
by the southern provenances ranged between 8 and 15 with Nathalia 
producing the greatest, and Lake Albacutya, the least. From the 
northern provenances, Agnew produced the greatest number of leaves 
on branches (4.5) and Todd River had the least number (□.?). As 
suggested in previous chapters this may suggest a selection for 
reduced leaf surface under drier environmental conditions.
In contrast, E. saligna produced more leaves on branches 
than both E. camaldulensis and E. pilularis, but leaf size of E. 
saligna was very much less than that of either E. camaldulensis 
or E. pilularis. The total leaf area and leaf weight of E. 
camaldulensis was generally greater than that of E. saligna
(Table 8.7).
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Number o f  B ranches
T he re  were s i g n i f i c a n t  d i f f e r e n c e s  betw een p ro ve n a n ce s  
o f  E . c a m a ld u le n s is  in  th e  number o f  b ra n ch e s  p roduced  in  t h i s  
e x p e r im e n t.  The s o u th e rn  p rovenan ces  p roduced  more th a n  tw ic e  th e  
number o f  b ranches  p roduced  by th e  n o r th e rn  p ro v e n a n c e s . F o r 
exam ple , a t  day 8D a f t e r  seed g e rm in a t io n ,  G w yd ir R iv e r ,  Lake 
A lb a c u ty a , and N a th a l ia  had p roduced  3 .2 5 ,  2 .2 5  and 4 .2 5  b ra n ch e s  
p e r  s e e d l in g ,  w h i le  K a th e r in e ,  Agnew and Todd R iv e r  had 0 .6 2 , 1 .20  
and 0 .3 7 .  T h is  a g a in  may r e f l e c t  s e le c t io n  a g a in s t  e x c e s s iv e  
b ra n c h in g  in  h o t t e r  and d r i e r  e n v iro n m e n t where a v a i l a b i l i t y  o f  
m o is tu re  i s  im p o r ta n t  f o r  s u c c e s s fu l e s ta b lis h m e n t o f  E . c a m a ld u le n s is  
s e e d l in g s .
In  c o n t r a s t  a g a in ,  E . s a l ig n a  had th e  g r e a te s t  number o f  
b ranches  (9 .1 2 )  w h i le  E . p i l u l a r i s  p roduced  o n ly  2 .5 0 .  However, 
th e  stem d r y  w e ig h t o f  th e  two c o a s ta l  e u c a ly p ts  was much lo w e r  th a n  
t h a t  o f  E . c a m a ld u le n s is  -  s u g g e s t in g  t h a t  E . s a l ig n a  may be more 
bushy th a n  th e  o th e r  e u c a ly p ts ,  t h a t  i s  o n ly  f i n e  b ra n ch e s  were
produced
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TABLE 8 .3  Oven D ry  W e igh t fgm) o f  R oo ts  o f  E . c a m a ld u le n s is  and 
Two C o a s ta l E u c a ly p ts  in  E q u a l S e c t io n s  o f  S o i l  fro m
th e  Top to  th e  B ottom  o f  th e  P o t.
R oot W e igh t (gm) in  E q u a l S o i l  
Column
E . c a m a ld u le n s is 0 .2 0 2 1 -4 0 4 1 -6 0 6 1 -8 0 81 -100
fern)
1 K a th e r in e 0 .5 1 6 0 .2 6 8 0 .2 3 0 0 .2 5 0 0 .2 7 5
2 Lake A lb a c u ty a 0 .4 3 0 0 .2 0 0 0 .2 1 0 0 .1 8 3 0 .4 6 8
3 G w yd ir R iv e r 0 .3 6 8 0 .151 0 .121 0 .1 5 8 0 .4 0 8
4 Todd R iv e r 0 .3 4 5 0 .1 6 5 0 .141 0 .141 0 .2 1 5
5 N a th a l ia 0 .3 8 9 0 .1 2 6 0 .0 8 7 0 .0 7 6 0 .1 2 0
6 Agnew 0 .1 8 0 0 .1 0 0 0 .0 6 6 0 .0 5 9 0 .0 6 3
7 E . s a l ig n a 0 .2 5 3 0 .1 6 4 0 .091 0 .0 4 7 0 .0 4 4
8 E . p i l u l a r i s 0 .1 3 9 0 .1 0 0 0 .0 4 0 0 .0 1 6 0 .0 1 5
L .S .D .  (p = 0 .0 5 ) 0 .1 1 6 0 .0 7 5 0 .061 0 .0 7 7 0 .1 7 7
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TABLE 8.4 Variation in Growth Characteristics (Height, Basal
Diameter, Leaves on Stem, Leaves on Branches, Number of 
Branches and Internodes} of the Seedlings of E. camal- 
dulensis from 6 Provenances, and E. saligna and E. pilularis.
(a)
Height (cm) Days from the Start of Treatment
E. camaldulensis 60 70 80
1 Katherine 8.98 15.76 23.81
2 Agnew 4.67 6.96 9.68
3 Gwydir River 7.23 12.43 20.75
4 Lake Albacutya 8.56 , 16.12 26.81
5 Nathalia 7.63 13.2T 20.50.
6 Todd River 9.01:. 12.93. 17.50
7 E . saligna 5.63 7.77 10.08,
8 E. pilularis 2.96 4.33' 6.06
L.S.D. (p = 0.05) 1 .51 , 3.115 4.95
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TABLE 8.4 (Cont'd)
fb)______________
Seedling Basal Diameter (mm) Days from Sowing
E. camaldulensis 60 70 80
1 Katherine 0.147 0.210 0.272
2 Agnew 0.126 0.154 0.194
3 Gwydir River 0.146 0.219 0.310
4 Lake Albacutya 0.169 0.220 0.315
5 Nathalia 0.144 0.193 0.256
6 Todd River 0.146 0.196 0.250
7 E. saligna 0.120 0.169 0.214
8 E. pilularis 0.150 0.157 0.161
L.S.D. (p = G.05) 0.019 0.034 0.048
ILL
Number of Leaves on Stem Days from Sowing
E. camaldulensis 60 70 80
1 Katherine 10.875 14.375 17.750
2 Agnew 8.250 10.125 12.500
3 Gwydir River 11.250 14.000 17.000
4 Lake Albacutya 11.000 13.500 17.500
5 Nathalia 10.750 13.000 16.250
6 Todd River 9.750 12.500 15.500
7 E. saligna 11.250 13.000 14.500
8 E. pilularis 5.500 7.000 8.000
L.S.D. (p = 0.05) 1 .090 1.610 2.170
TABLE 8 .4  (C o n t 'd )
fd )_________________
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Number o f  Leaves on Branches Days from  Sowing
E. ca m a ld u le n s is 60 70 80
1 K a th e r in e 0 .500 0.750 1 .750
2 Agnew 1.500 3.250 4 .500
3 G w yd ir R iv e r 3 .500 9 .250 12.000
4 Lake A lb a c u ty a 2 .750 6 .000 8.750
5 N a th a lia 4 .250 9 .000 15.250
6 Todd R iv e r 0 .250 0 .250 0.750
7 E. s a lig n a 13.000 24.250 43.250
e E. p i l u l a r i s 1.875 3.000 5 .500
L • S • D • (p = 0 .0 5 ) 3 .982 6.251 8.972
M
Number o f  Branches Days from  Sowing
E. ca m a ld u le n s is 60 70 80
1 K a th e r in e 0 .250 0 .375 0.625
2 Agnew 0.625 1.125 1.200
3 G w ydir R iv e r 1.500 3.125 3.250
4 Lake A lb a cu tya 0 .875 1.875 2.250
5 N a th a lia 1.500 3 .000 4 .250
6 Todd R iv e r 0.125 0.125 0.375
7 E. s a lig n a 4 .625 7.250 9.125
8 E. p i l u l a r i s 1.125 1.500 2 .500
L .S .D . (p= 0 .0 5 ) 1.351 1.852 2 .093
TABLE 8 .4  (C o n t'd )
f f ) _________________
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Number o f  In te rn o d e s  on Stem Days from  Sowing
E. ca m a ld u le n s is 60 70 80
1 K a th e r in e 6 .875 10.875 14.000
2 Agnew 4 .375 6 .250 7.875
3 G w yd ir R iv e r 6 .625 11.625 15.000
4 Lake A lb a cu tya 6 .125 9 .750 14.375
5 N a th a lia 6 .500 9 .250 13.125
6 Todd R iv e r 5 .750 8.500 11.750
7 E . s a lig n a 6 .250 8 .125 10.500
8 E . p i l u l a r i s 2 .625 3 .750 4.625
L .S .D . (p  = 0 .0 5 ) 0 .785 1 .535 1.916
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A n a ly s is  o f  S e e d lin g  G row th  C h a r a c te r is t ic s
A summary o f  th e  s ig n i f i c a n c e  o f  d i f f e r e n c e s  between 
in d iv id u a l  means drawn fro m  T a b le  8 .4  a t  day 80 i s  g iv e n  in  T a b le  
8 .5 .  T h is  shows s ig n i f ic a n c e  o f  d i f f e r e n c e s  betw een p rovenan ce  
means f o r  6 g ro w th  c h a r a c t e r i s t i c s .
Some o f  th e  d i f f e r e n c e s  betw een p rovenan ce  means were 
s i g n i f i c a n t  a t  th e  5% le v e l  o f  p r o b a b i l i t y .  E x c e p t in  s e e d lin g  
h e ig h t  g ro w th ,  E . s a l ig n a  i s  c o n s is t e n t ly  d i f f e r e n t  fro m  E . p i l u l a r i s . 
The tw o c o a s ta l  e u c a ly p ts  were s i g n i f i c a n t l y  d i f f e r e n t  fro m  E . 
c a m a ld u le n s is  in  a l l  a t t r i b u t e s  o th e r  th a n  number o f  le a v e s  on b ra n ch e s  
and number o f  b ra n c h e s . In  th e s e  re s p e c ts  E . p i l u l a r i s  d id  n o t 
d i f f e r  s i g n i f i c a n t l y  fro m  m ost o f  th e  p ro ve n a n ce s  o f  E . c a m a ld u le n s is .
In  a l l  th e  a t t r i b u t e s  e x c e p t "num ber o f  le a v e s  on b ra n ch e s " 
and "num ber o f  b ra n c h e s " , th e re  was no c o n s is te n t  d i f f e r e n c e  between 
th e  p ro ve n a n ce s  o f  E . c a m a ld u le n s is . The n o r th e rn  p ro ve n a n ce s  -  
K a th e r in e ,  Todd R iv e r  and Agnew a re  v e ry  s im i l a r  in  number o f  le a v e s  
on b ra n ch e s  and number o f  b ra n c h e s , t h a t  i s ,  th e y  d id  n o t  d i f f e r  
s i g n i f i c a n t l y  in  th e s e  a t t r i b u t e s ;  and th e  s o u th e rn  p ro ve n a n ce s  
d i f f e r e d  c o n s is t e n t ly  in  th e s e  re s p e c ts  fro m  th e  n o r th e rn  p ro v e n a n c e s . 
The a n a ly s is  a ls o  shows th e  s o u th e rn  p ro ve n a n ce s  -  G w y d ir  R iv e r ,  
N a th a l ia  and Lake A lb a c u ty a  -  d id  n o t  d i f f e r  s i g n i f i c a n t l y  in  
num ber o f  le a v e s  on b ra n ch e s  and th e  num ber o f  b ra n c h e s .
F o r each o f  th e  s i x  g ro w th  c h a r a c t e r i s t i c s ,  a u n iv a r ia t e  
a n a ly s is  o f  v a r ia n c e  was c a r r ie d  o u t  f o r  d a ta  a t  day 8 0 . A summary 
o f  th e  s ig n i f ic a n c e  o f  d i f f e r e n c e s  betw een p ro ve n a n ce s  i s  p re s e n te d  
in  T a b le  8 .6 .  Where d a ta  f o r  a l l  th e  e u c a ly p ts  a re  ta k e n  in t o
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a c c o u n t,  p rovenance  d i f f e r e n c e s  were s i g n i f i c a n t  (p = 0 .0 5 )  f o r  a l l  
th e  s i x  g ro w th  p a ra m e te rs  -  s u g g e s t in g  g r e a t  d i f f e r e n c e s  between 
E . c a m a ld u le n s is  and th e  o th e r  c o a s ta l  e u c a ly p ts .
TABLE 8 .5  Summary o f  S ig n i f i c a n t  R e s u lts  o f  A n a ly s is  o f  th e  
G row th  C h a r a c te r is t ic s  a t  Day 80
S e e d lin g  H e ig h t
8 7 6 5 4 3 2 1
1 *  *  *  NS NS NS *
2 NS NS *  *  *  *
3 *  *  NS NS *
4 *  *  *  *
5 *  *  NS
6 *  *
7 NS
8
S e e d lin g  B a sa l D ia m e te r
8 7 6 5 4 3 2 1
1 *  *  NS NS NS *  *
2 NS NS *  *  *  *
3 *  *  *  *  NS
4 *  *  *  *
5 *  *  NS
6 *  *
7 *
8
1 K a th e r in e
2 Agnew
4 Lake A lb a c u ty a
5 N a th a lia
7 E . s a l ig n a
8 E . p i l u l a r i s
3 G w yd ir R iv e r 6 Todd R iv e r
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TABLE 8 .5  (C o n t 'd )
Number o f  Leaves on Stem Number o f  Leaves on B ranches
8 7 6 5 4 3 2 1 8 7 6 5 4 3 2 1
1 *  *  *  NS NS NS * 1 NS *  NS *  NS *  NS
2 *  NS *  *  *  * 2 NS *  NS *  NS *
3 *  *  NS NS NS 3 NS *  *  NS NS
4 *  *  NS NS 4 NS *  *  NS
5 *  NS NS 5 *  *  *
6 *  NS 6 NS *
7 * 7 *
8 8
Number o f B ranches
8 7 6 5 4 3 2 1
1 ft * NS ft NS ft NS
2 NS * NS ft NS ft
3 NS ft * NS NS
4 NS ft ft *
5 * ft *
6 * ft
7 ft
8
Number o f In te rn o d e s
8 7 6 5 4 3 2 1
1 * ft * NS NS NS ft
2 * * * ft * *
3 ft * ft * NS
4 * * * NS
5 * ft ft
6 * NS
7 *
8
1 K a th e r in e
2 Agnew
4 Lake  A lb a c u ty a
5 N a th a l ia
7 E . s a l ig n a
8 E . p i l u l a r i s
3 G w y d ir R iv e r 6 Todd R iv e r
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TABLE 8 .6  U n iv a r ia te  A n a ly s is  o f  V a r ia n c e  f o r  S e e d lin g  G row th
C h a r a c te r is t ic s  a t  Day 80 A f t e r  Seed G e rm in a tio n
S ource D .E . Mean Square V a r ia n c e
R a t io
S ig .
5%
S e e d lin g  H e ig h t (cm)
T re a tm e n t 7 4 4 5 .7 8 8 0 18 .24 *
E r r o r 56 2 4 .4 3 4
B a sa l D ia m e te r
T re a tm e n t 7 0 .0 2 3 5 10.41 -X-
E r r o r 56 0 .0 0 2 2
Leaves on Stem
T re a tm e n t 7 8 5 .714 2 18 .25 *
E r r o r 56 4 .6 9 6 4
Leaves on B ranches
T re a tm e n t 7 1514.9196 18 .88 *
E r r o r 56 8 0 .2 4 1 0
Number o f  B ranches
T re a tm e n t 7 6 4 .4 1 9 6 14 .75 *
E r r o r 56 4 .3 6 6 0
Number o f  In te rn o d e s
T re a tm e n t 7 103.7767 2 8 .3 5 -X-
E r r o r 56 3 .6 6 0 7
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Analysis of Data for Dry Weight Production and Total Leaf Area
At final harvest, components of dry weight production 
were measured as follows: leaf dry weight, stem dry weight, shoot 
dry weight, root dry weight, and total dry weight. The root:shoot 
ratio was calculated. The total leaf area was also measured at 
harvest - using an automatic area meter.
Means for each of the seven parameters are given in 
Table 8.7. These data were analysed and the L.S.D. values at 5% 
level of probability are presented with the seedling means. A 
summary of the significance of differences between provenance means 
is given in Table 8.8.
With some limited exceptions, E. camaldulensis produced 
more dry weight and total leaf area than the two coastal eucalypts - 
E. saligna and E. pilularis. This contrasts with the situation 
in the seedling growth characteristics where in at least two instances 
E. saligna produced more leaves on the branches and a greater number of 
branches. In both dry weight production and leaf area there were 
significant differences between E. saligna and E. pilularis.
E. saligna produced nearly twice as much dry weight and leaf area 
as E. pilularis. The only exception to this occurred in root: shoot 
ratio where the two coastal eucalypts did not differ significantly.
In dry weight production, there was a general tendency 
for two of the southern provenances - Gwydir River and Lake Albacutya - 
to produce more than the northern provenances of Agnew and Todd 
River. However, Nathalia and Katherine did not conform with the 
general trend of dry weight production. While the northern
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Katherine provenance had one of the greatest total dry weight 
productions (3.72 gm) the southern Nathalia provenance had one of 
the lower total dry weight productions (2.01 gm). Katherine would 
not differ significantly from Gwydir River or Lake Albacutya - in 
fact all 3 are very close. The leaf area for Katherine is slightly 
greater than that for most of the northern provenances. As a whole, 
the southern provenances - Lake Albacutya and Gwydir River produced 
more leaf area than the northern provenances - Agnew and Todd River.
Among the six provenances of E. camaldulensis, Agnew produced the least 
dry matter and leaf area. However, the Agnew root:shoot ratio 
was similar to that of Gwydir River and Todd River (0.48).
The most northern provenance (Katherine) and some of the 
southern provenances - Lake Albacutya and Nathalia - had very 
high rootrshoot ratio ranging between 0.66 to 0.71. The inconsistency 
in the pattern of root:shoot ratio makes it difficult to give any 
meaningful interpretation to the pattern of root development. In 
support of this is the fact that the soil medium used in the root 
study was probably too rich for growing E. camaldulensis. Because 
of the rapid root production in all provenances and inconsistency 
in patterns, the second experiment was carried out, and in this 
experiment an attempt was made to simulate more closely field conditions.
A summary of univariate analysis of variance is presented 
in Table 8.9. For all the attributes except in root:shoot ratio, 
provenance differences were significant (p = 0.05) - indicating a 
marked variation between E. camaldulensis and the two coastal
eucalypts.
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TABLE 8.8 Summary of Significant Results of Analysis of the 
Dry Weight Production and Total Leaf Area at 
Day 80.
Leaf Weight Stem Weight
8 7 6 5 4 3 2 1 8 7 6 5 4 3 2 1
1 * * NS NS NS * NS 1 * * NS NS * NS *
2 NS NS * NS * * 2 NS NS * * * *
3 * * NS * NS 3 * * NS NS NS
4 * * NS * 4 * * * *
5 NS NS * 5 * NS NS
6 * * 6 * NS
7 * 7 *
8 8
Shoot Weight Root Weight
8 7 6 5 4 3 2 1 8 7 6 5 4 3 2 1
1 * * NS * NS NS 1 * * * * NS * *
2 NS NS * * * * 2 NS NS * * * NS
3 * * NS NS 3 * * NS * NS
4 * * NS * 4 * * * *
5 * NS * 5 * NS
6 * * 6 * *
7 * 7 NS
8 8
1 Katherine 4 Lake Albacutya 7 E. saligna
2 Agnew 5 Nathalia 8 E. pilularis
2 Gwydir River 6 Todd River
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TABLE 8 .8  (C o n t 'd )
T o ta l D ry W eight
8 7 6 5 4 3 2 1
1 *  *  *  *  NS NS *
2 NS NS NS NS *  *
3 *  *  *  *  NS
4 *  *  *  *
5 *  NS NS
6
CD
 
*
7 *
8
R oo t:S hoo t R a tio
8 7 6 5 4 3 2 1
1 * * * * * * *
2 NS NS NS *  *  NS
3 NS NS NS *  *
4 *  *  *  NS
5 *  *  *
6 NS NS
7 NS
8
T o ta l L e a f Area
1 K a th e r in e 4 Lake A lb a cu tya 7 E. s a lig n a
2 Agnew 5 N a th a lia 8 E . p i l u l a r i s
3 G w yd ir R iv e r 6 Todd R iv e r
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TABLE 8.9 Univariate Analysis of Variance for Seedling Dry
Weight Production and Root:Shoot Ratio at Day 80
After Seed Germination.
Source D.F. Mean Square VarianceRatio
Sig. 
5%
Leaf Weight (gm)
Treatment 7 2.3419 9.27 *
Error 56 0.2525
Stem Weight (gm)
Treatment 7 0.2034 8.63 ■w-
Error 56 0.0235
Shoot Weight (gm)
Treatment 7 3.6793 9.05 *
Error 56 0.4065
Root Weight (gm)
Treatment 7 1.7541 12.59 *
Error 56 0.1393
Root/Shoot Ratio
Treatment 7 0.1868 2.78 *
Error 56 0.0671
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8.6 Experiment II
Purpose of the Experiment
In Experiment I the standard pots were planted with 1-month 
old seedlings which had been raised in pots containing a mixture 
of perlite and vermiculite, and were watered for 3 weeks after 
transplanting. Water was withheld and the pots were opened after 
a further 3 weeks. All species had reached the bottom of the pots, 
some provenances more vigorously than others, Blackbutt and Flooded 
gum weakly.
The second experiment aimed to simulate field conditions 
more closely where seed germinate on the moist soil surface as flood 
waters recede.
Materials and Methods
The pots were filled with the same soil mixture as used 
in Experiment I and watered well until the soil was at field capacity.
Seeds were sown directly on the moist soil surface. No 
further watering was carried out after sowing. It took 5 to 8 days 
for the seeds to germinate. Seedlings were then reduced to 3 per pot. 
When the roots in the Katherine provenance used as control plants 
had reached the bottom of pots, all the pots were opened.
The experimental design was the same as for Experiment I 
and occupied the same space in the open glasshouse.
Experimental Measurements
At day 75, the following measurements were made on the 
dominant seedling in each pot: seedling height, basal diameter,
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number o f  le a v e s  on s tem , num ber o f  le a v e s  on b ra n c h e s , number o f  
b ra n ch e s  and th e  number o f  in te r n o d e s .  A t th e  f i n a l  h a r v e s t ,  
th e  r o o ts  were c a r e f u l l y  e x t r a c te d  as a s in g le  p ie c e  -  re p re s e n t in g  
th e  t o t a l  r o o t  g ro w th  f o r  3 s e e d lin g s  in  each p o t .  The t o t a l
r o o t  le n g th  in  each p o t was m easured and oven d r y  w e ig h ts  o f  th e  
r o o t  and s h o o t w ere d e te rm in e d .
8 .7  R e s u lts  and A n a ly s is  o f  D ata  f o r  E x p e r im e n t I I  
A . S e e d lin g  G row th  C h a r a c te r is t ic s
The means o f  th e  m easurem ents made a t  day 75 a f t e r  seed 
g e rm in a t io n  a re  p re s e n te d  in  T a b le  8 .1 0 .  In  t h i s  T a b le ,  each v a lu e  
re p re s e n ts  th e  means o f  s e e d lin g s  g ro w in g  in  8 p o ts  f o r  each p rovenan ce  
in c lu d in g  E . s a l ig n a  and E . p i l u l a r i s .
I t  i s  q u i t e  e v id e n t  t h a t  th e  p la n ts  in  E x p e r im e n t I I  were 
s u b je c t  to  a much g r e a te r  e n v iro n m e n ta l s t r e s s  th a n  in  E x p e r im e n t I  
in  te rm s  o f  m o is tu re  a v a i l a b i l i t y .  B e fo re  th e  p o ts  w ere opened 
n e a r ly  a t h i r d  o f  E . p i l u l a r i s  s e e d lin g s  had d ie d .  A t t h i s  s ta g e  
th e  s u r fa c e  s o i l  was much h a rd e r  and d r i e r  th a n  th e  s u r fa c e  s o i l  
a t  th e  s im i la r  s ta g e  o f  th e  f i r s t  e x p e r im e n t.  The r e s u l t s  co rre sp o n d e d  
to  th e  o b s e rv a t io n  made a t  day 80 f o r  th e  f i r s t  e x p e r im e n t.
In  a l l  g ro w th  c h a r a c t e r i s t i c s  th e  s o u th e rn  p rovenan ces  
o f  N a th a l ia  and Lake A lb a c u ty a  had g r e a te r  v a lu e s  th a n  th e  
n o r th e rn  p ro ve n a n ce s  (Agnew, Todd R iv e r  and K a th e r in e ) .  F o r exam p le , 
N a th a l ia  and Lake A lb a c u ty a  s e e d lin g s  g rew  n e a r ly  tw ic e  as much 
on h e ig h t  (2 4 .2  and 2 6 .1  cm r e s p e c t iv e ly )  as th e  n o r th e rn  p rovenan ce  
s e e d lin g s  ( ra n g e  10 .37  to  14 .12  cm ); th e y  a ls o  had m a rk e d ly  g r e a te r
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basal diameters, more leaves on stems than northern provenance 
seedlings. Alternatively the Gwydir River provenance in this experi­
ment was more similar to the 3 northern provenances - in all 
attributes. The two coastal eucalypts E. saligna and E. pilularis - 
had much reduced growth rate under the dry experimental condition 
than E. camaldulensis. Similar to the results obtained in 
Experiment I, E. saligna grew better than E. pilularis.
Under more extreme environmental conditions than the plants 
have been previously subjected to, only the most southern provenance 
(Lake Albacutya) seedlings of E. camaldulensis produced any branches 
and leaves on the branches at all. Once again, this may point to 
a broadly based tendency within the species to reduce leaf surface 
area under harsher environmental conditions. E. saligna also 
had some branches and a few leaves on the branches. Although the 
amount of branches with leaves produced by E. saligna was greater 
than that of E. camaldulensis, the shoot weight of E. camaldulensis 
was far greater than that of E. saligna.
Analysis of Seedling Growth Data
The data for the seedling growth characteristics were 
analysed as a randomised block and the LSD values at 5% level of 
probability are given in the same table of means. A summary of the 
significance of differences between provenance means is given in 
Table 8.11 for the seedling height, basal diameter, number of leaves
on stem and number of leaves on branches.
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For all growth attributes, the 2 coastal eucalypts - 
E. saligna and E. pilularis - were consistently different from 
E. camaldulensis. There were also consistent differences between 
E. saligna and E. pilularis - the latter species doing very poorly 
under the particular conditions of this experiment.
There were no significant differences between Nathalia and 
Lake Albacutya provenances. These two provenances are from the 
southern ecotype of E. camaldulensis. There were no significant 
differences between any of the other four provenances - Katnerine, 
Agnew, Gwydir River and Todd River. All four provenances may 
represent a drier environment than the other two provenances. The 
3 northern provenances are certainly from environments with marked 
differences in climate from that of southern provenances. Lake 
Albacutya and Nathalia seedlings were consistently different in 
all attributes from the seedlings of the other 4 provenances.
A summary of significance of variance for seedling growth 
characteristics is presented in Table 8.12. This also indicates that 
for each parameter the seed lots differed significantly at 5°/0 level of 
probability when all the eucalypts were taken into account. It 
confirms that E. camaldulensis is completely different from the two 
coastal eucalypts in physiological characteristics.
B. Dry Weight Production and Total Root Length
The following parameters of dry weight and root length 
were recorded at harvest: shoot dry weight, root dry weight, total
dry weight, and total root length. The root:shoot ratio was
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c a lc u la t e d .  The d i f f e r e n c e s  between p ro ve n a n ce s  in  re sp o n se  to  d ry  
e n v iro n m e n ta l c o n d i t io n s  a re  i l l u s t r a t e d  in  fo rm  o f  h is to g ra m s  in  
F ig u re s  8 .1  to  8 .5 ,  as f o l lo w s :
F ig u re s  8 .1  s h o o t d r y  w e ig h t
8 .2  r o o t  d ry  w e ig h t
8 .3  t o t a l  d r y  w e ig h t
8 .4  t o t a l  r o o t  le n g th
8 .5  r o o t : s h o o t  r a t i o
F o r a l l  p a ra m e te rs , E . s a l ig n a  and E . p i l u l a r i s  s e e d lin g s  
p roduced  le s s  d ry  w e ig h t and t o t a l  r o o t  le n g th  th a n  E . c a m a ld u le n s is  
s e e d l in g s .  The s o u th e rn  p rovenan ces  -  Lake A lb a c u ty a  and N a th a l ia  -  
had much g r e a te r  r o o t  w e ig h t ,  and t o t a l  d ry  w e ig h t p ro d u c t io n  
th a n  th e  n o r th e rn  p rovenan ces  o f  K a th e r in e ,  Agnew and Todd R iv e r .
The s e e d lin g s  o f  G w yd ir R iv e r  p rove n a n ce  p roduced  th e  le a s t  r o o t  w e ig h t 
and t o t a l  d r y  w e ig h t .  In  s h o o t w e ig h t p r o d u c t io n ,  Todd R iv e r  
p ro ve n a n ce  had a s l i g h t l y  g r e a te r  f ig u r e  o f  0 .8 6  gm th a n  th e  
o th e r  n o r th e rn  p ro ve n a n ce s  o f  K a th e r in e  (0 .6 5  gm) and Agnew (0 .6 8  g m ). 
Lake  A lb a c u ty a  p ro ve n a n ce  p roduced  th e  g r e a te s t  am ount o f  s h o o t 
w e ig h t  (0 .9 7  gm) w h i le  G w y d ir  R iv e r  p rove n a n ce  had th e  le a s t  (0 .6 4  gm ).
In  r o o t : s h o o t  r a t i o ,  th e  f i g u r e  f o r  E . s a l ig n a  com pared 
v e ry  w e l l  w i th  some o f  th e  p ro ve n a n ce s  o f  E . c a m a ld u le n s is . F o r 
e xam p le , Agnew, G w yd ir R iv e r  and Todd R iv e r  p ro ve n a n ce s  had r o o t : s h o o t  
r a t i o s  o f  G .4 1 , 0 .4 4  and 0 .3 5  r e s p e c t iv e ly ,  w h i le  th e  f i g u r e  o f  
r o o t : s h o o t  r a t i o  f o r  E . s a l ig n a  was 0 .3 9 .  K a th e r in e ,  Lake A lb a c u ty a , 
and N a th a l ia  p ro ve n a n ce s  had a s l i g h t l y  h ig h e r  r o o t : s h o o t  r a t i o  
o f  0 .5 5 ,  0 .51  and 0 .5 8  r e s p e c t iv e ly .  The t o t a l  r o o t  le n g th  f o r
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each of the 6 provenances of E. camaldulensis was nearly the same - 
ranging from 98 to 1G7 cm, but the two coastal eucalypts (E. saligna 
and E. pilularis) produced fairly short roots (41 and 17 cm 
respectively).
The data for dry weight production and total root 
length were analysed. The means and LSD values at 5% level of 
probability are given in Table 8.13. A summary of the significance 
of differences between provenance means is presented in Table 8.14.
In only the root:shoot ratio and total root length were 
there significant differences between E. saligna and E. pilularis. 
These coastal eucalypts consistently differed from E. camaldulensis 
in all attributes except in root:shoot ratio - where no difference 
was recorded between E. saligna and some of the provenances of 
E. camaldulensis. In total root length there was no significant
difference between any provenance of E. camaldulensis - all had the 
capacity to rapidly explore a drying soil and in this respect 
differed markedly from the coastal eucalypts. In root weight, 
shoot weight, and total dry weight, there were consistent differences 
between the southernmost provenance (Lake Albacutya) and other 
provenances of E. camaldulensis.
The results of a univariate analysis of variance for the 
dry weight production and total root length were summarised in 
Table 8.15. For all the attributes, provenance differences were 
significant at 5% level of probability when all the eucalypts were 
taken into account. This also reflects marked differences between
E. camaldulensis and the other coastal eucalypts.
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TABLE 8.11 Summary of Significant Results of Analysis cf Growth 
Characteristics at Day 75 After Seed Germination.
Basal Diameter
NS NS
Seedling Height
8 7 6 5 4 3 2 1
1 * * NS * * NS NS
2 * NS NS * * NS
3 * * NS * *
4 * * * NS
5 * * *
6 -#■ *
7 NS
8
Number of Leaves on Stem Number of Internodes
8 7 6 5 4 3 2 1 8 7 6 5 4 3 2 1
1 * NS * -H- * NS NS 1 * NS * * NS NS
2 * NS NS * * NS 2 * NS NS * * NS
3 * * NS * * 3 * * NS * *
4 * * * NS 4 * * NS
5 * * * 5 * * *
6 * NS 6 * NS
7 * 7
8 8
1 Katherine 4 Lake Albacutya 7 E. saligna
2 Agnew 5 Nathalia 8 E. pilularis
3 Gwydir River 6 Todd River
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TABLE 8 ,1 2  Summary o f  S ig n i f ic a n c e  o f  V a r ia n c e  f o r  S e e d lin g
G row th C h a r a c te r is t ic s  a t  Day 75 A f t e r  Seed
G e rm in a t io n .
S ou rce D .F . Mean Square
V a r ia n c e
R a t io
S ig . 
5°/o
H e ig h t (cm)
T re a tm e n t 7 503 .26 . 2 7 .8 1 *
E r r o r 56 18.09.
B a sa l D ia m e te r (mm)
T re a tm e n t 7 0 .0 2 2 3 .0 6
E r r o r 56 0 .00 .
Leaves on Stem
T re a tm e n t 7 79 .27 . 18 .08 *
E r r o r 56 4 .3 8  .
Number o f  In te rn o d e s
T re a tm e n t 7 6 6 .0 3 16 .38 *
E r r o r 56 4 .0 3
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r ovenances
FIGURE 8.1 Variation Between Provenances in Ove" Dry Weight
of Shoot in Response to Drying Soil. (l) Katherine; 
(2) Agnew; (3) Gwydir River; (4 ) Lake Albacutya;
(5) Nathalia; (6) Todd River; (?) E. saligna;
(8) E. pilularis.
0 0-3-
Provenances
FIGURE 8.2 Variation Between Provenances in Oven Dry Weight
of Root in Response to Drying Soil. (l) Katherine; 
(2) Agnew; (3) Gwydir River; (4 ) Lake Albacutya;
(5 ) Nathalia; (6) Todd River; (?) E. saligna;
(8) E. pilularis.
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P rovenances
FIGURE 8 .3  P rovenance V a r ia t io n  in  T o ta l  D ry W e igh t
P ro d u c t io n  in  Response to  D ry in g  S o i l .  ( l )  K a th e r in e ;  
(2 )  Agnew; ( 3 ) G w yd ir R iv e r ;  ( 4 ) Lake A lb a c u ty a ;
(5 )  N a th a l ia ;  (6 )  Todd R iv e r ;  ( ? )  E . s a l ig n a ;
(8 )  E ^ p i l u l a r i s .
P rovenances
FIGURE 8 .4  P rovenance  V a r ia t io n  in  T o ta l  R oot L e n g th  in  
Response to  D ry in g  S o i l .  ( l )  K a th e r in e ;
(2 )  Agnew; ( 3 ) G w yd ir R iv e r ;  ( 4 )  Lake A lb a c u ty a ; 
(5 )  N a th a l ia ;  (6 )  Todd R iv e r ;  (? )  E . s a l ig n a ;
(8 )  E . p i l u l a r i s .
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I
Provenances
FIGURE 8.5 Provenance Variation in Root:Shoot Ratio in 
Response to Drying Soil. (1) Katherine;
(2) Agnew; (3 ) Gwydir River; (4) Lake Albacutya; 
(5) Nathalia; (6) Todd River; (7) E. saligna;
(8) E. pilularis.
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TABLE 8.13 Variation in Dry Weight Production, Total Root Length, 
and Root:Shoot Ratio of E. camaldulensis, E, saligna 
and E. pilularis at Day 75 After Seed Germination.
Total
Root
Length
(cm)
Root
Weight
(gm)
Shoot
Weight
(gm)
Root/
Shoot
Ratio
Total
Dry
Weight
(gm)
E. camaldulensis
1 Katherine 100.75 0.350 0.651 0.554 1 .001
2 Agnew 98.87 0.304 0.684 0.413 0.987
3 Gwydir River 106.50 0.279 0.636 0.441 0.916
4 Lake Albacutya 107.62 0.507 0.974 0.512 1.481
5 Nathalia 106.25 0.483 0.819 0.586 1 .301
6 Todd River 105.12 0.300 0.860 0.353 1.160
7 E. saligna 41.00 0.052 0.180 0.386 0.233
8 E. pilularis 16.87 0.020 0.140 0.153 0.160
L.S.D. (p = 0.05) 13.85 0.144 0.220 0.163 0.345
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M
Germination.
Root Weight
8 7 6 5 4 3 2 1
1 * * NS NS * NS NS
2 * * NS * * NS
3 * M r NS M r *
4 * * -* NS
5 * * *
6 * Mr
7 \1S
8
(cl
Total Dry Weight
8 7 6 5 4 3 2 1
1 M - * NS NS * NS NS
2 * * NS NS * NS
3 M - * NS * M ■
4 * M - NS NS
5 * M r NS
6 * *
NS
suits of Analysis of Dry Weight
Length at Day 75 After Seed
(b)____________________________
Shoot Weight
8 7 6 5 4 3 2 1
1 * M ■ NS NS * NS NS
2 * Mr NS NS * NS
3 Mr M ■ * NS *
4 M - NS NS
5 * M - NS
6 Mr Mr
7 NS
8
(dl
Root/Shoot Ratio
3 7 6 5 4 3 2 1
1 * * * NS NS NS NS
2 * NS NS * NS NS
3 Mr NS NS NS NS
4 M ■ NS * NS
5 M ■ * *
6 Mr NS
7 Mr
8
1 Katherine
2 Agnew
4 Lake Albacutya
5 Nathalia
7 E. saligna
8 E . piiularis
3 Gwydir River 6 Todd River
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TABLE 8.14 (Cont'd)
ce)
Total Root Length
8 7 6 5 4 3 2 1
1 * * NS NS NS NS NS
2 * * NS NS NS NS
3 * * NS NS NS
4 * * NS NS
5 * * NS
5 -M- *
7 *
8
1 Katherine
2 Agnew
4 Lake Albacutya 7 E. saligna
5 Nathalia 8 E. pilularis
3 Gwydir River 6 Todd River
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TABLE 8.15 Summary of Significance of Variance of Total Root 
Length, Dry Weight Production and Root:Shoot Ratio 
at Day 75 After Seed Germination.
Source D.F. Mean Square VarianceRatio
Sig. 
5%
Total Root Length (cm)
Treatment 7 10111.0714 52.80 *
Error 56 191.4910
Root Weight (gm)
Treatment 7 0.2486 12.08 *
Error 56 0.0205
Shoot Weight (gm)
Treatment 7 0.74459 15.44 *
Error 56 0.0482
Root/Shoot Ratio
Treatment 7 0.1504 5.72 *
Error 56 0.0263
Total Dry Weight (gm)
Treatment 7 1.8029 15.20 *
Error 56 0.1186
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8.8 Discussion
In this study there is a much evidence that all the six 
provenances of E. camaldulensis have a capacity to rapidly develop 
roots to explore any drying soil, thereby helping ensure survival in 
harsh environments. In total root length production there were 
no marked differences between any of the six provenances. In 
comparing E. camaldulensis with the 2 coastal eucalypts (E. saligna 
and E. pilularis), the results indicate that marked differences 
exist between the species. In most of the growth characteristics, 
dry weight production, total leaf area, and total root length,
E. camaldulensis differed significantly from the two coastal 
eucalypts.
The results also show that marked differences exist between 
provenances of E. camaldulensis in some of the growth characteristics 
notably in number of leaves on branches and number of branches.
In the first experiment, where controlled environmental conditions 
were less extreme, the southern provenances - Nathalia, Gwydir River 
and Lake Albacutya - had greater numbers of leaves on branches than 
the northern provenances of Katherine, Todd River and Agnew.
The southern provenances also produced more than twice 
the number of branches produced by the northern provenances under 
these partially dry conditions. However, under the more extreme 
environmental condition of the second experiment only the most 
southern provenance (Lake Albacutya) seedlings produced any branches 
and leaves on the branches. The reaction of the Lake Albacutya 
seedlings tend to support the hypothesis that within the species
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there has been selection for individuals growing under harsher 
environmental conditions, which have reduced leaf surface and other 
transpiring area. The results also show that the same seedlings 
which would produce branches and leaves on branches under good 
growing conditions, may not produce these when exposed to somewhat 
harsher environmental conditions.
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CHAPTER 9
GENERAL DISCUSSION AND CONCLUSIONS
A s tu d y  has been made o f  ways in  w h ich  p rove n a n ce  d i f ­
fe re n c e s  a re  e xp re sse d  in  s e e d lin g  o f  E . c a m a ld u le n s is  grown u n d e r 
a ra n g e  o f  c o n t r o l le d  e n v iro n m e n ta l c o n d i t io n s .  Some marked 
d i f f e r e n c e s  between p ro ve n a n ce s  o f  th e  s p e c ie s  were fo u n d .  The 
r e s u l t s  o f  th e s e  in v e s t ig a t io n s  c o n f irm  th e  e x is te n c e  o f  two b ro a d e r 
e c o ty p e s  o f  th e  s p e c ie s ,  t h a t  i s ,  th e  n o r th e rn  and th e  s o u th e rn  
e c o ty p e s  r e s p e c t iv e ly .  H owever, th e  d i f f e r e n c e s  betw een th e  
n o r th e rn  and th e  s o u th e rn  e c o ty p e s  a re  n o t  i n v a r ia b ly  w e l l  d e f in e d  
u n d e r a l l  e n v iro n m e n ta l c o n d i t io n s ,  and i t  i s  d i f f i c u l t  to  g iv e  
m e a n in g fu l in t e r p r e t a t io n s  to  some o f  th e  r e s u l t s .
Marked d i f f e r e n c e s  in  g e rm in a t io n  b e h a v io u r  o c c u rre d  a t  
th e  low  te m p e ra tu re  re g im e  (1 8 /1 3 ° C .)  where th e r e  was a d i s t i n c t  
n o r th - s o u th  d iv is io n  a t  day 6 o f  seed g e r m in a t io n .  A t t h i s  
te m p e ra tu re ,  th e  seed o f  G w y d ir R iv e r  p rove n a n ce  g e rm in a te d  r a p id ly ,  
b u t  l i t t l e  o r  no g e rm in a t io n  was re c o rd e d  f o r  th e  n o r th e rn  p rovenan ces  
o f  K a th e r in e ,  Roy H i l l  and P e t f o r d . A t  h ig h e r  te m p e ra tu re s ,
a l l  th e  p ro ve n a n ce s  g e rm in a te d  c o m p le te ly  and r a p id l y ;  th e  optim um  
te m p e ra tu re  f o r  g e rm in a t io n  was between 30 ° and 33 °C . T h is  optim um  
te m p e ra tu re  i s  s l i g h t l y  lo w e r  th a n  th e  35 °C . c o n s is t e n t ly  fo u n d  by 
G rose and Zimmer (1958 ) to  p roduce  optim um  g e rm in a t io n  o f  E . 
:a m a ld u le n s is . In  a s tu d y  o f  th e  l i g h t  re q u ire m e n t f o r  g e rm in a t io n ,
th e  s p e c ie s  was fo u n d  to  be p o s i t i v e l y  p h o t o b la s t ic , t h a t  i s ,  l i g h t
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stimulated seed germination. The red light region of the visible 
light spectrum promoted seed germination of the only seedlot examined, 
that is, a southern ecotype of E. camaldulensis from Lake Albacutya. 
Alternatively, blue light and far red regions of the light spectrum 
had very little influence on seed germination. As a whole, there 
appeared to be no distinct difference between provenances in light 
requirements for seed germination under favourable temperature and 
moisture conditions.
The studies on seedling growth under a range of temperature 
regimes helped provide some understanding of the nature of environ­
mental influences on the provenances of E. camaldulensis. The 
medium temperature (27/22°C.) was optimum for many seedling growth 
characteristics and dry weight production. There were marked 
differences between provenances in the way they responded to different 
temperature regimes. For some growth characteristics, there was 
a more or less consistent pattern of differences between provenances. 
For example, the growth of seedlings from the southern provenances 
of Lake Albacutya and Gwydir River was generally greater than that 
of seedlings from the northern provenances of Katherine and Agnew; 
the performance of Agnew provenance under the 3 temperature regimes 
was consistently poorer than that of Katherine, Gwydir River and 
Lake Albacutya provenances.
It is possible to offer only a tentative interpretation 
of these results for a number of reasons. A few provenances only 
were used, the phytotron environment is too artificial, it varies 
only one environmental factor at a time, and this may not represent
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f i e l d  e n v iro n m e n ts  o r  i n t e r a c t io n  o f  e n v iro n m e n ta l f a c t o r s  in  
th e  s e v e ra l r e g io n s .
H ow ever, i f  th e  g ro w th  o f  s e e d lin g s  fro m  th e  4 p ro ve n a n ce s  -  
K a th e r in e ,  Agnew, Lake A lb a c u ty a  and G w yd ir R iv e r  -  can be a cc e p te d  as 
r e p r e s e n ta t iv e  o f  th e  g ro w th  c h a r a c t e r i s t i c s  o f  s e e d lin g s  fro m  th e  
more ex trem e  p a r ts  o f  th e  s p e c ie s  c l im a t i c  ra n g e , th e n  i t  m ig h t be 
in f e r r e d  t h a t  p ro g e n ie s  fro m  h o t t e r  and d r i e r  r e g io n s  o f  th e  ra n g e  
te n d  to  be in h e r e n t ly  s lo w e r  g ro w in g  th a n  s e e d lin g s  fro m  t h a t  p a r t  
o f  th e  ra n g e  w ith  somewhat more m odera te  and u n ifo rm  c l im a te .
I t  m ig h t f u r t h e r  be in f e r r e d  t h a t  in h e r e n t  v ig o u r  has p la y e d  a more 
im p o r ta n t  p a r t  in  n a tu r a l  s e le c t io n  in  th e  s o u th  th a n  in  th e  n o r t h .
A number o f  s e e d lin g  g ro w th  c h a r a c t e r i s t i c s  s u p p o r ts  such an h y p o th e s is .  
F o r exam p le , th e  tw o s o u th e rn  p ro ve n a n ce s  -  Lake A lb a c u ty a ,  and G w yd ir 
R iv e r ,  ten d e d  to  be s im i la r  in  th e  number o f  le a v e s  on s te m , in  
th e  number o f  b ra n c h e s , and in  l e a f  p ro d u c t io n  on s e e d lin g  b ra n c h e s , 
w h i le  th e  n o r th e rn  p rovenan ce  s e e d lin g s  d i f f e r e d  c o n s is t e n t ly  fro m  
th e  s o u th e rn  p rovenan ce  s e e d lin g s  in  th e s e  r e s p e c ts .  The n o r th e rn  
p rovenance  s e e d lin g s  had fe w e r  b ra n c h e s , and le a v e s  on b ra n c h e s .
S e e d lin g  h e ig h t  g ro w th  in  th e  two s o u th e rn  p rovenan ces  was b e t t e r  
c o r r e la te d  w i th  b ra n ch  and b r a n c h - le a f  p ro d u c t io n  th a n  in  th e  n o r th e rn  
p ro ve n a n ce s , t h a t  i s ,  s e e d lin g  b ra n ch  and l e a f  p ro d u c t io n  tended  
to  be more in d e p e n d e n t o f  h e ig h t  g ro w th  in  th e  n o r th e rn  p ro v e n a n c e s .
T h is  a l l  s u g g e s ts  a p o s i t i v e  n a tu r a l  s e le c t io n  in  h o t t e r  and d r i e r  
re g io n s  o f  in d iv id u a ls  h a v in g  fe w e r  b ra n ch e s  and le a v e s .
The d e ve lo p m e n t o f  l ig n o tu b e r s  may be a n o th e r  c h a r a c t e r i s t i c  
in d ic a t in g  s e le c t io n  o f  in d iv id u a ls  w ith  a g r e a te r  s u r v iv a l  p o t e n t ia l
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under harsh environmental conditions. Katherine provenance 
produced by far the greatest number of lignotuberous seedlings, while 
at the other extreme in environmental range no lignotuber was recorded 
on any seedling from the most southern provenance of Lake Albacutya. 
While there were some meaningful differences between the northern 
and southern provenance progenies in height, branch, and branch-leaf 
characteristics, and lignotuber production there was surprisingly 
little consistent difference between the northern and southern 
provenances in leaf morphology. There were significant differences 
between individual provenances in leaf size, length, breadth, shape 
and thickness, but there was no clear relationship between these 
characteristics and environmental conditions associated with the 
provenance.
In the study of the effects of photoperiod on the growth 
of E. camaldulensis seedlings, there was increased growth with 
photoperiod in 2 provenances - Katherine and Lake Albacutya. The 
third provenance (Todd River) had a peak at 12-hour photoperiod.
The differences between provenances were significant at 10 and 12 
hours, but not at 14 hours. The Todd River results appeared to 
negate the hypothesis, that is, within harsher environments there 
has been selection favouring individuals with smaller transpiring 
surfaces, and slower height growth. The Todd River had the greatest 
height growth at all photoperiods and produced more branches and 
branch leaves at 12-and 14-hour photoperiod, than the southern 
(Lake Albacutya) provenance. However the Todd River seedlings 
were responding on height to increasing photoperiod by becoming more
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s p in d ly .  T h is  was c o n f irm e d  in  th e  d ry  w e ig h t p ro d u c t io n  d a ta  
where peak d r y  w e ig h t o c c u rre d  a t  th e  1 2 -h o u r p h o to p e r io d .  More­
o v e r ,  th e  Todd R iv e r  s e e d l in g s ,  d e s p ite  a d va n ta g e s  in  h e ig h t  g ro w th ,  
number o f  b ra n c h e s , and le a v e s  on b ra n c h e s , had lo w e r  t o t a l  d r y  w e ig h t 
p ro d u c t io n ,  s m a l le r  l e a f  a re a  and s m a l le r  le a f  d r y  w e ig h t .  A t  
th e  g r e a te s t  p h o to p e r io d  o f  14 h o u rs , th e  number o f  b ra n c h e s , and 
number o f  le a v e s  on b ra n ch e s  o f  Todd R iv e r  s e e d lin g s  d ropped  s h a r p ly ;  
t h i s  d id  n o t  happen w ith  Lake A lb a c u ty a  and K a th e r in e  p rove n a n ce  
s e e d l in g s .  The Todd R iv e r  s e e d l in g  c h a r a c t e r i s t i c s  a re  in  f a c t  
c o n s is te n t  w i th  th e  h y p o th e s is  t h a t  th e re  has been s e le c t io n  o f  
in d iv id u a ls  w ith  th e  s p e c ie s  g iv in g  a d a p ta t io n  to  h a rs h e r  e n v iro n ­
m e n ta l c o n d i t io n s .
The s tu d y  o f  th e  f r o s t  r e s is ta n c e  in  E . c a m a ld u le n s is  
s u p p o rte d  th e  f in d in g s  o f  L a rse n  (1 9 6 7 ) , K arschon  (1 9 6 8 ) and P ry o r  
and B yrne  (1 9 6 9 ) -  in  t h a t  f r o s t  r e s is ta n c e  in  E . c a m a ld u le n s is  
v a r ie s  a c c o rd in g  to  seed o r i g i n .  H ow ever, th e  r e s u l t s  f o r  unhardened 
s e e d lin g s  a re  n o t a l t o g e th e r  in  ag reem en t w ith  some o f  th e  e a r l i e r  
f in d in g s ,  and sug g e s te d  t h a t  some r a t h e r  i n t e r e s t in g  v a r ia t io n s  in  
f r o s t  s e n s i t i v i t y  in  E . c a m a ld u le n s is  had d e ve lo p e d  in  re sp o n s e  to  lo c a l  
s e le c t io n .  I t  was e v id e n t  t h a t  th e  unhardened  s e e d lin g s  o f  th e  
s p e c ie s  fro m  n o r th e rn  p ro ve n a n ce  o f  K a th e r in e  and Agnew were more 
r e s is t a n t  to  f r o s t  i n j u r y  th a n  s e e d lin g s  fro m  th e  s o u th e rn  p ro ve n a n ce s  
o f  N a th a l ia  and G w yd ir R iv e r .  T h is  may s u g g e s t a s e le c t io n  f o r  
r e s is ta n c e  to  a sudden d ro p  in  te m p e ra tu re  so t h a t  th e  n o r th e rn  
p rovenances  a re  b e t t e r  a d ap te d  to  a r a d ic a l  change in  c l im a t ic  
c o n d i t io n s  -  e n s u r in g  t h e i r  s u r v iv a l  in . any h a rs h  e n v iro n m e n ta l
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conditions. It is quite possible that provenances from continental 
areas may have greater capacity for frost resistance when no 
prehardening has been possible. Where the plants had been pre­
hardened before the frost treatment the responses were quite different 
The seedlings of Nathalia and Gwydir River provenances were then 
more frost resistant than those of the Katherine and Agnew provenances 
Seedlings from Agnew provenance were also found to be more frost 
resistant than those from Katherine provenance. In nature, 
most of the plants from the southern and cooler areas of Nathalia 
and Gwydir River will possess the ability to harden to withstand 
wintery weather. Under this environmental condition, the results 
of the present investigation on the effects of frost on hardened 
seedlings of E. camaldulensis indicated a decrease in susceptibility 
of frost damage in the species from north to south - the northern 
provenance of Katherine being the most susceptible and Gwydir 
River the least.
The results of the root studies of E. camaldulensis 
showed that all the six provenances of the species had a capacity 
to rapidly develop roots to explore any drying soil, thereby helping 
ensure survival in harsh environmental conditions. There were no 
marked differences between any of the six provenances in their root 
production. In a comparison of E. camaldulensis and two coastal 
eucalypts (E. saligna and E. pilularis], E. camaldulensis was shown 
to be able to develop roots through drying soil far better than
the coastal species
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In conclusion it can be said that the results of the 
present study demonstrates provenance variation in E. camaldulensis 
seedlings and a north-south ecological division of the species is 
possible. lo improve the interpretation of the results obtained 
for the present investigation further studies of the species involving 
many provenances will be desirable. An understanding of the growth 
rate of the adult trees of E. camaldulensis in its natural habitat 
may also elucidate some of the reactions of juvenile plants 
grown under controlled environmental conditions. A knowledge of 
the pattern of variation, and adaptability of E. camaldulensis 
and like species to certain environments will help in directing tree 
breeding programmes for a particular locality. Ihe high level of 
provenance variation in the species strongly suggests that very 
effective improvement could be made in the productivity of E. 
camaldulensis as an exotic by careful selection of seed source in
tree introduction.
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APPENDIX 1 C o m p o s itio n  o f  N u t r ie n t  S o lu t io n
N u t r ie n t  s o lu t io n ,  i s  a m o d if ie d  H oag land  s o lu t io n  in  w h ich  th e  
i r o n  i s  p re s e n t as c h e la te  ( s e q u e s t r e n e ) .
R e fe re n c e : W ent, F .H . -  The e x p e r im e n ta l c o n t r o l  o f  p la n t  g ro w th .
C h ro n ic a  B o ta n ic a  C o ., 1957, p p . 7 8 -7 9 .
The c o m p o s it io n  i s  as f o l lo w s :  
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